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ABSTRACT
A r t le y ,  Donald K., M.S., December, 1976 Forestry
Predic t ing Duff Reduction from Broadcast Burning in  Western Larch 
—Doug las- f i r  Stands ( 72 pp.)
D irec to r :  Robert W. Steele f / t i  i
Broadcast burning is  one e f fe c t iv e  and economically feas ib le  
method o f  s i t e  preparat ion in the western la rch ( Lar ix  occiden­
t al i s , N u t t . ) - -D o u g la s - f i r  (Pseudotsuga menziesi i var.  glauca 
[Beissn.]  Franco) fo re s t  type o f  northwestern Montana. However, 
p red ic t ive  guidel ines fo r  the amount o f  d u f f  reduct ion and min­
eral  so i l  exposure resu l t ing  from burning are needed. The ob jec­
t i v e  o f  th i s  study was to develop such guidel ines in  the form of 
regression equat ions.
Measurements were taken on 100 p lo ts  located in each o f  four  
previously harvested blocks (2 c learcuts and 2 shelterwoods), 
both before and a f t e r  broadcast burning. Measurements included: 
du f f  depth, mineral so i l  exposure, downed fuel inven to r ies ,  fuel 
depth, slope, aspect, shrub inven to r ies ,  and preburn fuel and 
d u f f  moisture contents.
Because o f  the r e la t i v e l y  high moisture content o f  the fu e ls ,  
the blocks burned poor ly .  Mean d u f f  depth reduct ion varied from 
5% to 29%, and mean mineral so i l  exposure ranged from 1% to 22%.
The pre- and post-burn measurements were used as independent 
var iables in a m u l t iva r ia te  regression analysis on d u f f  reduct ion 
and mineral so i l  exposure. The resu l ts  were inconclusive y i e l d ­
ing no strong co r re la t io ns .  In a l l  cases, R̂  values were too 
low fo r  s t a t i s t i c a l l y  s i g n i f i c a n t  equations to be presented. 
However, the f e a s i b i l i t y  o f  th is  type o f  study was confirmed 
since the v a r ia t io n  was p r im a r i ly  w i th in  block ra ther  than be­
tween block. The f a i l u r e  to explain the experienced v a r ia t io n  
in du f f  reduct ion and mineral so i l  exposure was a t t r i b u te d  p r i ­
mar i ly  to the high water content o f  the lower h a l f  o f  the d u f f  
layer .
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CHAPTER 1 
INTRODUCTION
With the increased demands being placed on our fo re s t  resource, 
not only f o r  wood and wood products, but f o r  o ther m u l t ip i  e-use values 
as w e l l ,  in tens ive management o f  the best and most product ive s i tes  
is becoming a necessity.  Prompt stand regenerat ion is  a focal po in t  
in the fo res t  manager's overa l l  planning o f  a harvest operat ion. His 
goal is to successfu l ly  restock the s i te  in the shortest t ime, with 
the leas t  r i s k ,  and a t the lowest cost.
Natural seeding, i f  dependable, is  usual ly  the preferred method 
o f  regenerating coniferous fo re s t  stands in  the northern Rocky Moun­
ta ins (Smith 1962, Schmidt and Shearer 1973). In order fo r  natural  
regeneration to be successfu l ,  however, three general condi t ions must 
be s a t i s f i e d :  (1) an adequate supply o f  v iab le  seed; (2) a favorable
seedbed fo r  germination and seedl ing establ ishment;  and (3) su i tab le  
environmental condit ions fo r  ear ly  seedl ing s u rv iv a l .  Of these, the 
fo re s t  manager can e f f e c t i v e l y  contro l  only the condi t ion o f  the 
seedbed. Hence, i t  is  through s i t e  preparat ion th a t  seedl ing surv iva l  
rates can be increased. Although seedl ings o f  a l l  species surv ive 
b e t te r  on prepared seedbeds, i t  is  p a r t i c u la r l y  evident with  shade 
in to le ra n t  species such as western larch ( Lar ix  occidental  i s , N u t t . )  
(Schmidt et a l .  1976). Such species, having smal l ,  l i g h t  seeds.
regenerate best on bare mineral s o i l .  This is  because more l i g h t  is 
provided, there is less competit ion from lesser vegetat ion fo r  a v a i l ­
able so i l  moisture and n u t r ie n ts ,  and a b e t te r  root ing medium ex is ts  
(Larsen 1916, Roe 1952 and 1955, Schmidt 1969).
Once seedbed or s i t e  preparat ion is  decided upon, however, dec i ­
sions s t i l l  need to be made concerning the method to be used, and the 
amount o f  mineral so i l  exposure needed. The two usual methods o f  s i t e  
preparat ion are broadcast burning and mechanical s c a r i f i c a t io n .  In 
the northern Rocky Mountains broadcast burning has three d i s t i n c t  ad­
vantages over mechanical s c a r i f i c a t io n .  F i r s t ,  broadcast burning is 
normal ly less cos t ly  (Boyd and Deitschman 1969). Second, f i r e  has the 
added advantage o f  e f f e c t i v e l y  recyc l ing  most nu t r ien ts  back in to  the 
s o i l .  Minerals former ly t ie d  up in dead and l i v i n g  p lan t  mater ial  are 
released through combustion and a por t ion is  leached down in to  the 
s o i l ,  thereby genera l ly  improving the chemical ch a rac te r is t ics  o f  the 
so i l  (Brown and Davis 1973). The re su l t in g  increase in  n u t r ie n t  a v a i l ­
a b i l i t y  can have lon g - las t in g  e f fec ts  on tree growth ra tes. Schmidt 
(1969) found tha t  western larch trees up to 13 years old grow about 
one- th i rd  fa s te r  on broadcast burned areas than on dozer s c a r i f ie d  
seedbeds. Th i rd , broadcast burning is  useable over a wider range o f  
topographic condi t ions. For example, mechanical s c a r i f i c a t io n  is 
impract ica l  on slopes greater  than about 35%, which are common in the 
timbered regions o f  the northern Rocky Mountains.
The most important considerat ion in  planning s i t e  prepara t ion, 
the amount o f  mineral so i l  to be exposed, requi res carefu l  planning
and study- Too l i t t l e  exposed mineral so i l  w i l l  r e s u l t  in low stocking 
leve ls .  Too much, on the other hand, is  unnecessary and can re s u l t  in 
overstocking, leading to fu r th e r  costs in  e a r ly ,  noncommercial t h i n ­
nings. Also, so i l  erosion may occur as a re s u l t  o f  the increased surface 
runo f f  over the bare s o i l .  Research has provided optimum percentages 
in some cases, but how to achieve these values has genera l ly  not been 
adequately determined. For example. Roe (1955) found tha t  under a 
shelterwood, w ith  as l i t t l e  as 50% o f  the fo re s t  f l o o r  bared to mineral 
so i l  and wel l d is t r ib u te d  over the regenerat ion area, adequate stocking 
o f western larch is achieved. But, no conclusive q u a n t i ta t ive  data has 
been generated on the spat ia l  d i s t r i b u t i o n  o f  exposed mineral so i l  re ­
s u l t in g  from broadcast burning. Furthermore, research has ye t  to pro­
vide adequate guidel ines on how to prescribe a f i r e  to expose a p a r t i ­
cu la r  percentage o f  mineral s o i l .  Instead, research has almost exc lu­
s ive ly  focused on the reduct ion in  the d u f f  layer ,  the layer  o f p a r t i a l ­
ly  decomposed organic matter over ly ing  the mineral s o i l .  Although the 
consumption o f  the d u f f  layer  is  a very valuable and useful  ind ica to r  
o f  the condi t ion o f  the seedbed fo l low ing  burning, i t  does not t e l l  
the e n t i re  s to ry .  To be most use fu l ,  d u f f  reduct ion should be com­
bined with an estimate o f  the spa t ia l  d i s t r i b u t i o n  o f  any bared 
mineral s o i l .
L i te ra tu re
In order fo r  prescribed f i r e  to be used as a s i t e  preparat ion 
too l w ith  any degree o f  c e r ta in t y ,  a method o f est imating the r e s u l t ­
ing mineral so i l  exposure is  there fo re  necessary. In the past,  re-
search has approached th is  problem from two d i rec t ions .  One school o f  
thought focuses on the moisture content o f  the d u f f  layers , whi le  the 
other  has p r im a r i ly  examined f i r e  danger or drought indices.
Duff moisture content has repeatedly been reported as a p red ic ­
to r  o f  du f f  reduct ion by burning. Early inves t iga t ions  simply t i e d  
d u f f  reduction to a subject ive estimate o f  du f f  moisture content. 
Sweeny and Biswel l (1961) reported tha t  the actual amount o f  du f f  
remaining a f t e r  a burn was greatest where the preburn l i t t e r  and d u f f  
layers were deepest and wet in the lower por t ions. Morris (1966), 
working west o f  the Cascades, found tha t  du f f  reduct ion was best 
estimated by the moisture content o f  lower du f f .  His estimates were 
sub jec t ive ,  however, as they were based on judgments as to whether the 
lower d u f f  was predominately moist or dry.
Later ,  attempts were made to explain du f f  consumption by def in ing  
and measuring more prec ise ly  the variables thought to be the most 
important con t r ibu to rs .  Hough (1968), working in  the southern pine 
region, determined tha t  the reduct ion o f  l i t t e r  fuel was pred ic tab le  
from moisture content and dry weight values o f  the to ta l  l i t t e r  layer .  
In Arizona, Davis e t  a l .  (1968) successfu l ly  prescribed a f i r e  tha t  
consumed th ree- four ths  o f  the depth o f  a two to three inch layer o f  
du f f  in a ponderosa pine stand. The var iab les measured fo r  the pre­
s c r ip t io n  included du f f  moisture content (upper and lower laye rs ) ,  
fuel  temperature, a i r  temperature, wind v e lo c i ty  two fee t  above the 
surface, cloud cover, and preburn d u f f  depth. Steele and Beaufai t
(1969), burning in Doug las- f i r  slash in  western Montana, used both 
woody fuel moisture and du f f  moisture measurements to compare spring 
and autumn burns. Thei r  resu l ts  showed near ly twice as much du f f  re ­
maining a f te r  the spring burns than a f t e r  the autumn burns, po in t ing 
to the higher d u f f  moisture content in the spring as an important 
■factor.
In recent years emphasis in  du f f  consumption studies has focused 
on the use o f  m u l t ip le  regression analysis and co r re la t io n  analys is ,  
in  order to formulate p red ic t ion  equations. Van Wagner (1972) found 
tha t  the best p red ic to r  o f du f f  weight consumed by f i r e  in eastern pine 
stands was again du f f  moisture content. He found i t  to be more c lose ly  
re la ted to d u f f  consumption than measurements o f  actual f i r e  behavior. 
The amount o f du f f  consumed was te n ta t i v e l y  accounted f o r  by: (1) the 
downward heat t rans fe r  w i th in  the f laming f r o n t ,  and (2) the energy 
required to heat the d u f f  to i t s  i g n i t i o n  temperature. Van Wagner also 
re la ted  the proport ion o f  mineral so i l  exposed to the du f f  moisture 
content,  but not as r e l i a b l y  as to weight consumed. The degree o f 
nonuniformity in the d u f f  layer  i t s e l f  is  also important.  Shearer 
(1975) reported s im i la r  resu lts  from his prescribed f i r e  studies in  the 
la rch /D o u g la s - f i r  type. He found th a t  where l i t t e r  averaged greater  
than two inches in depth and the moisture content o f  the lower h a l f  o f  
the d u f f  was above 110%, less than 40% o f  the d u f f  depth was consumed. 
As the moisture content o f  the du f f  layer  decreased, f i r e s  consumed an 
increasing percentage u n t i l  at  about 50% moisture content most o f  the 
d u f f  layer  was burned.
Steele (1975) a t t r i b u te d  d u f f  consumption in western larch/Douglas- 
f i r  stands to preburn d u f f  depth, d u f f  moisture content,  and the 
weight o f  the woody shrubs. Norum (1975) found th a t  d u f f  moisture 
in la rch -D oug las - f i r  stands was the recurr ing var iab le  in  each o f  
his p red ic t ion  equat ions. He concluded tha t  the d u f f  in the la rch /  
Douglas- f i r  fo re s t  type ra re ly  dr ied s u f f i c i e n t l y  to carry a f i r e  
alone. Even when dry, the arrangement o f the short  needles leads 
to a poorly aerated, densely matted d u f f  layer  which does not read­
i l y  carry a f i r e .  Therefore, du f f  reduct ion was concluded to be 
dependent on the fac to rs  above the du f f  which most inf luenced f i r e  
i n te n s i t y  and persistence, in  add i t ion  to the moisture content of 
the lower d u f f .  This is  in  agreement w ith  Van Wagner (1965), who 
found tha t  mineral so i l  exposure increased as f i r e  i n te n s i t y  i n ­
creased.
Other inves t iga to rs  have taken an a l te rna te  approach to est imating 
d u f f  reduct ion from prescribed burning. Their  s tud ies, centered p r i ­
mar i ly  in Canada, have attempted to co r re la te  d i f f e r e n t  weather- 
re la ted indices to du f f  consumption. Chrosciewicz (1968) formulated 
humus-depth-reduction curves fo r  p red ic t ing  the outcome o f  burning on 
jack pine s i tes  in  central  Ontar io .  His curves were based on:
(1) local weather measurements, (2) a d a i l y  determinat ion o f  a drought 
index, and (3) a d a i l y  determinat ion o f  f i r e  danger ind ices.  Ahlgren
(1970) a t t r i b u te d  d u f f  reduct ion from burning in s im i l a r  jack pine 
stands to the dry atmospheric condi t ions. In the same ve in .  Van Wagner 
(1965), Adams (1966), and Wil l iams (1960) a l l  concluded th a t  a combina-
t ion  o f  high f i r e  danger indices and a high drought index, coupled with 
a low re la t i v e  humidity resu lted in good d u f f  reduct ion in  red, wh i te ,  
and jack pine s i tes .
Beaufait  et  a l .  (1975) used a combination o f  both approaches in 
t h e i r  study in  northwestern Montana. They concluded tha t  du f f  reduc­
t ion  from burning was a funct ion o f  upper d u f f  moisture content and the 
bui ldup index from the National Fire-Danger Rating System. Using a 
re la t ionsh ip  discovered by Beaufai t  (1966) and George (1969), which 
states that the water evaporated through the l i d  o f  a water can analog 
is propor t ional to the energy o f  the f i r e ,  they also showed a strong 
re la t ionsh ip  between the water loss from the analog and du f f  consump­
t ion .
The approach o f  using various indices as predic to rs  o f  d u f f  re ­
duction has several drawbacks. F i r s t ,  they are often regional in 
nature and funct ion and may not have widespread usage or understanding. 
Second, the data used in fo rmulat ing the indices may not be recorded 
as a permanent record, making dup l ica t ion  o f  the study a t  a l a t e r  date 
impossible. Th i rd, as is the case with  the buildup index used by 
Beaufai t  et  a l .  (1975), indices are f requent ly  revised or  superceded 
by other indices. In th is  case, the bui ldup index has been dropped 
from the la te s t  version o f  the National Fire-Danger Rating System 
(Deming et a l . 1972).
Measurements o f physical parameters al low cons is ten t  i n te rp re ­
ta t io n  over t ime, and provide fo r  a minimum o f  in te rp re t i v e  e r ro r
beyond regional or nat ional borders. In t h i s  respect,  d u f f  moisture 
content and preburn d u f f  depth, along with  preburn woody fuel weights 
and moisture condi t ions, appear to provide the greatest  cont inuing 
use as predic to rs  o f du f f  reduct ion.
The review o f the l i t e r a t u r e  f a i l e d  to evidence any conclusive, 
q u an t i ta t ive  data on the spat ia l  d i s t r i b u t i o n  o f  exposed mineral so i l  
resu l t ing  from broadcast burning. Research genera l ly  focused on du f f  
reduct ion, e i t h e r  by weight, depth, or percent.
Object i ve
The sole ob jec t ive  o f  th is  study was to attempt to develop pre­
d ic t io n  equations fo r  the percentages o f d u f f  reduct ion by depth, and 
mineral so i l  exposure by area, re su l t in g  from broadcast burning of 
logging slash in a western la rch /D o u g la s - f i r  stand. In order f o r  
these equations to be useful  to the fo re s t  manager, only preburn 
measurements were to be considered as possible var iab les .
Since burning was conducted both under a shelterwood and on 
small c learcu ts ,  separate equations fo r  each were planned.
CHAPTER 2 
STUDY SITE DESCRIPTION
The study was conducted on the 7460 acre Coram Experimental For­
es t ,  on the Hungry Horse D i s t r i c t  o f  the Flathead National Forest, in 
northwestern Montana. The study s i tes  are located along the main 
r idge fac ing east in to  Abbot Basin, sections 25, 35, and 36; T31N,
R19W, MPM (48°25‘ north l a t . ,  113°59' west long . ) .
Six blocks, consis t ing o f  two c lea rcu ts ,  two shelterwoods, and 
two sets o f  four  small group se lec t ions ,  were logged in 1974. Each 
block was fu r th e r  broken down in to  fou r  subunits,  in  which four d i f f e r ­
ent standards o f  t imber and residue u t i l i z a t i o n  and treatment were 
employed (Fig. 1). Of the four  subunits,  only units Nos. 1 and 2 
were broadcast burned. This study was l im i ted  to the por t ions o f  the 
c learcuts and shelterwoods which were designated f o r  burning. The 
group select ions were also not chosen f o r  study due to time and f i ­
nancial  l im i t a t i o n s .  A de ta i led  descr ip t ion  o f  the u t i l i z a t i o n  stan­
dards employed on the two subunits which were burned on each cu t t ing  
block can be found in  Table 1.
The t imber type on the study area is la rch /D o u g la s - f i r  (cover 
type 212, Society o f  American Foresters 1954). This type is  composed 
p r im a r i ly  o f  western larch (Lar ix  occidental  is  N u t t . )  and Doug las - f i r  
( Pseudotsuga menziesi i var.  glauca [Beissn.]  Franco). Associated 
species include subalpine f i r  (Abies las iocarpa [Hook] N u t t . )  and 
Englemann spruce ( Picea enqlemanii Parry) .  The study area f a l l s  p r i -
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Figure 1. Location o f  Cutt ing Blocks
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niar i ly  in the Abies las ioca rpa /C l in ton ia  u n i f lo ra  hab i ta t  type, 
w ith  the fo l low ing  phases represented: A ra l ia  n u d ica u l i s , Men-
z ies ia  fe r rug inea , C l in ton ia  uni f l o r a , and Xerophyllum tenax 
(Bernard L. Koval chik 1974, unpublished data).
The topography ranges in steepness from 30% to 80% (17-39°),  
whi le the e levat ion ranges from 3900-5200 fee t  M.S.L. The so i l s  on 
the slopes are from impure limestone underlying material  o f  loamy- 
ske le ta l  so i l  fam i l ies  (R.C. McConnel 1969, unpublished data).
Table 1. Timber cu t t ing  requirements and residue u t i l i z a t i o n  
standards fo r  subunits which were broadcast burned.
Subunit Trees to be Cut U t i l i z a t i o n  Standard
1 A l l  trees except des­
ignated overstory 
shelterwood trees
Remove a l l  mater ial  
( l i v e  and dead, stand­
ing and down) to 3" 
dia. , 8' length, and 
1/3 sound.
2 A l l  trees except des­
ignated overstory 
shelterwood trees.
Remove sawtimber mat­
e r ia l  ( l i v e  and recent ly  
dead) to current Forest 
Service standards:
7" dbh. , 8' length,
1/3 sound.
The size o f  the harvested areas included in  th is  study (the 
c learcuts and shelterwoods) var ies from approximately 14 acres to 
approximately 37 acres. However, research study units  o f  equal size 
(800 fee t  across by 500 fe e t  top to bottom) were l a id  out on each cu t ­
t in g  block by research personnel from the U.S. Forest Service In te r -
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mountain Forest and Range Experiment Sta t ion. Each o f  the fou r  sub­
un its  w i th in  each block,  there fore ,  measured 200 fee t  across by 500 
fee t  top to bottom. To f a c i l i t a t e  the pre- and post-harvest and the 
pre- and post-burn sampling a c t i v i t i e s  o f  a l l  involved research s tu ­
dies,  a permanent p lo t  locat ion system was establ ished on each o f  the 
cu t t ing  blocks. A to ta l  o f  40 permanent points was systematica l ly  
located in each c u t t in g  block (Fig. 2 ) . ,  w ith 10 points in each o f  the 
four  subunits.  They were monumented and relocated fo l low ing  both har­
vesting and burning.
8 0 0 '
2 0 0 '
m
Figure 2. Standard loca t ion  o f permanent p lo t  centers,
CHAPTER 3 
METHODS
Design
The study compared f i f t y  randomly selected p lo ts  located through­
out each o f  the e igh t  subunits to be burned. At each p lo t ,  the fo l lo w ­
ing preburn measurements were taken:
(1) Duff depth (not inc lud ing the l i t t l e r  layer)
(2) Duff  moisture content (upper and lower ha l f )
(3) Mineral so i l  exposure o f  area (percent)
(4) Weight per u n i t  o f  area o f  downed woody material  in each 
of the fo l low ing  size classes:
a) 0-k  inch diameter (0 to .635 cm)
b) k - l  inch diameter (.635 to 2.54 cm)
c) 1-3 inch diameter (2.54 to 7.62 cm)
d) Greater than 3 inch diameter (7.62 cm) sound
e) Greater than 3 inch diameter (7.62 cm) ro tten
(5) Moisture content o f  the downed woody material  in each o f  the 
two smal ler size classes (0-% inch and %-l inch diameters)
(6) Woody shrub weight
(7) Moisture content o f the herbaceous vegetation
(8) Depth of down woody material
(9) Slope
(10) Aspect
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A f te r  the burn the p lo ts  were re located, and the fo l low ing  
measurements were taken:
(1) Duff depth
(2) Mineral so i l  exposure (percent o f area)
(3) Weight per u n i t  area o f  each o f  the f i v e  diameter size
classes o f  downed woody material
(4) Depth o f  downed woody material
The data was then s t r a t i f i e d  by cu t t ing  treatment (c learcu t  and 
shelterwood) with two rep l ica tes  o f  each, each re p l i ca te  containing 
two subunits w ith  50 p lo ts  each. Each o f  the preburn measurements then 
became possible independent var iab les in  a p red ic t ion  equat ion, de­
r ived through the use o f  m u l t iva r ia te  regression ana lys is ,  f o r  both 
du f f  reduct ion and mineral so i l  exposure.
Plot Location
Plo t shape and size was a r b i t r a r i l y  selected as a square, four  
fee t  on a s ide. This allowed each 200 f t .  x 500 f t .  subunit  to be broken
down in to  a g r id  with 6250 four  foo t  squares. Using a computer gener­
ated random number system, 50 d i f f e r e n t  sets o f  p lo ts  were randomly 
selected fo r  each subunit .  These p lo ts  were then referenced to the 
nearest permanent p lo t  center f o r  ease in  f i e l d  loca t ion .  Each p lo t  
was recorded as a s p e c i f i c  distance upslope or downslope, and r i g h t  or 
l e f t  from a permanent p lo t  center.  The azimuth upslope or downslope was 
recorded, and distances l e f t  or r i g h t  were taken in a d i re c t io n  perpen­
d ic u la r  to th a t  azimuth. This was done to enable quick and accurate
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p lo t  re loca t ion  a f te r  the f i r e s .
Preburn Measurement Procedure
Fie ld  loca t ion  o f  selected p lo ts  was accomplished during the per­
iod from mid-June through mid-August, 1975. Each p lo t  was located 
using a hand compass and metal tape. A 12-inch metal spike was dr iven 
in to  the du f f  at  the exact center o f  each p lo t .  The top two inches of 
the spike were l e f t  exposed above the surface o f  the d u f f  (not i n c lu ­
ding l i t t e r ) .  A portable g r id  (4 f t .  x 4 f t . )  (1.22 m x 1.22 m) d i v i ­
ded in to  100 equal un its  was then placed d i r e c t l y  over (and centered 
upon) the d u f f  spike, p a ra l le l  to the slope. The p lo t  thus defined 
was then t a l l i e d  u n i t  by u n i t  to estimate the percentage o f  mineral 
so i l  exposed by area. A u n i t  was counted as mineral so i l  i f  a t  least 
h a l f  o f  i t s  area consisted o f  bare mineral s o i l .
The downed, dead woody material  was then inventor ied using an 
adaptat ion o f  the planar in te rsec t  method as devised by Brown (1971,
1974). The 0-k  inch and k - l  inch material  was t a l l i e d  on a sing le  
fo u r - fo o t  sample plane running across the p lo t  and through i t s  center.  
The 1 to 3 inch material  was t a l l i e d  on two sample planes, each one 
h a l f  the distance between the center t ransect and the top or bottom 
o f  the p lo t  and running l a t e r a l l y  across i t .  The large diameter mater­
i a l  (3 inches and greater)  was t a l l i e d  in e igh t  f o u r - f o o t  sample 
planes, each s ix  inches apart  and also running l a t e r a l l y  across the 
p lo t .  A l l  dead woody fue ls  were considered to be cy l inders  fo r  the 
sake o f  computation o f  weights. In te rcepts  o f  each piece o f  mater ial
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o f  the appropriate diameter with the transects were t a l l i e d ,  and la te r  
mathematically converted to weight.  A de ta i led  descr ip t ion  o f  the 
procedure used can be found in  Appendix A.
A 100% inventory o f  a l l  shrubs growing w i th in  the p lo t  was 
taken. Each shrub was recorded according to species and one o f  three 
basal stem diameter classes: 0- .2 in (0 - .5  cm), .2 - .8  in  ( .5-2 cm),
and .8-2 in (2-5 cm). Formulas devised by Brown (1976) were then 
used to compute the to ta l  above ground weight fo r  a l l  shrubs present. 
See Appendix B fo r  sample ca lcu la t ions .
A second d u f f  spike was placed at one corner o f  the p lo t  and sunk
to the same depth as described before. This corner was preselected at 
random, using a random numbers tab le .  Fuel depth was also measured at 
each d u f f  spike. The depth was recorded as the v e r t i c a l  distance from 
the bottom o f  the l i t t e r  layer to the highest dead p a r t i c le  w i th in  a 
hypothet ica l  cy l in d e r  one foo t  in  diameter and s ix  fee t  high, centered 
over each spike.
F in a l l y ,  slope was measured using an abney level and the aspect
was taken with a hand compass. The center du f f  spike and the general
p lo t  locat ion were both f lagged with  surveyor 's r ibbon, completing the 
f i r s t  phase o f  measurements.
The sampling fo r  moisture content o f  the fue ls  was accomplished 
w i th in  one hour before i g n i t i o n  o f  each f i r e  during ear ly  September, 
1975. Once the decision was madetoburn, samples o f  the fo l low ing  
were gathered: (1) 0-k  inch diameter dead, woody fu e ls ;  (2) k - l  inch 
diameter dead, woody fu e ls ;  (3) lower h a l f  o f  the d u f f ;  (4) upper
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h a l f  o f  the d u f f ;  and (5) herbaceous vegetat ion. Due to the short 
time ava i lab le  fo r  gathering samples and the l im i te d  manpower a v a i l ­
able, a l l  p lo ts  could not be sampled. Therefore, the decision was 
made to sample only at the permanent p lo t  centers, and apply the 
ca lcu lated moisture contents to each o f  the p lo ts  nearest to i t .
The samples were gathered and placed in large glass te s t  tubes, 
sealed immediately with rubber corks, and taped over. Since two 
adjo in ing subunits were always burned together,  20 points were samp­
led each t ime, g iv ing a to ta l  o f  100 samples. The samples were then 
transported to laboratory  f a c i l i t i e s  where they were weighed and 
placed in to  an oven f o r  dry ing. Drying was done a t 100°C fo r  24 hours, 
a f t e r  which the percent moisture content was calcula ted using the 
fo l low ing  formula:
percent M.C. = wet weight-dry  weiflht ^
dry weight
Burning Prescr ip t ions
The burn area p rescr ip t ions  and u n i t  burning plans were prepared 
by Dr. Rodney A. Norum, research fo re s te r  with  the U.S. Forest Service, 
Northern Forest Fire Laboratory, Missoula, Montana. The p rescr ip t ions  
were formulated using regression equations derived from e a r l i e r  re ­
search in the la rch /D o u g la s - f i r  type in northwestern Montana (Norum
1975). The desired level o f  mineral so i l  exposure was a minimum o f  30% 
in each o f  the areas to be t rea ted .  Table 2 l i s t s  several condi t ions
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necessary before f i r e  could achieve the ob ject ives o f  d u f f  reduct ion 
and mineral so i l  exposure.
Table 2. S i te  condi t ions prescribed p r io r  to burning to accom­
p l ish  the object ives o f  s i t e  p repara t ion . !
Unit Item Range Ideal
Shelterwood 0-1 inch fue l moisture 16-18% 17%
Upper d u f f  moisture 40-60% 40%
wind speed 0-5 mph 0 mph
a i r  temperature 70°F o f  less 60°F
re la t i v e  humidity 25% minimum;
steady or r i s in g
time o f  day 2:00 PM or l a t e r
Clearcuts 0-1 inch fuel moisture 12-15% 12%
Upper du f f  moisture 25-40% 30%
Wind speed 0-10 mph 5 mph
(steady to dimini shing)
r e la t i v e  humidity 25% minimum;
steady or r i s in g
1Rodney A. Norum, Unpublished repor t  on f i l e  a t the Northern Forest
Fire Laboratory, U.S.D.A. Forest Service, Missoula, Montana,
Shelterwood Ig n i t i o n  Procedure
Of the two shelterwood blocks, only one was a c tu a l l y  burned. Be­
cause the f in e  fuel and d u f f  moisture contents remained above p resc r ip ­
t ion  maximums, block 11 was not burned. Block 21, although approaching 
p resc r ip t ion  maximums, was burned during the afternoon o f  September 11, 
1975, using a heat d ispe rsa l ,  i n t e n s i t y  con t ro l led  type f i r e .  This was 
accomplished through the use o f  a s t r i p  h e ad - f i r ing  technique. Drip
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torches were used fo r  i g n i t i o n ,  beginning at the top o f  the units and 
proceeding downs!ope in approximately f i v e  meter increments. S tr ips  
were closer together a t the top and then widened considerably toward 
the bottom o f  the u n i ts .  Each s t r i p  was allowed to reach and pass the 
poin t o f  peak i n t e n s i t y ,  in the judgment o f  the i g n i t i o n  team, before 
i g n i t i n g  the next lower s t r i p .
The weather condi t ions during the burn were well w i th in  p rescr ip ­
t ion  l im i t s .  The a i r  temperature peaked at 61"F at approximately 3:00 
PM and then slowly dropped to 55°F by 6:00 PM. The re la t i v e  humidity 
ranged from 43-48% during the burn, whi le  the windspeed was neg l ig ib le .
Clearcut I g n i t i o n  Procedure
Both c learcuts were burned; block 23 was ign i ted  in the afternoon 
of September 8, 1975, and block 13 on September 13. Both areas were 
ign i ted  using a combination o f  remote and hand ig n i t i o n .  Although 
remote i g n i t i o n  o f  the center o f  the area was the preferred method, 
the fuel loading in subunit  1 was not heavy enough to susta in a f i r e  o f 
s u f f i c i e n t  i n t e n s i t y  to create the necessary in d ra f t s .  Therefore, a 
compromise was used. F i r s t ,  s t r i p  headf ires were used to create
a black l in e  across the top o f  both subunits.  Next, the top h a l f  o f  
subunit  1, the l i g h t l y  loaded side, was qu ick ly  ign i ted  in s t r ip s  
using dr ip  torches. At th a t  p o in t ,  two horseshoe shaped s t r ings  of 
b l i v e ts  (tubes o f  ge l led diesel o i l ) ,  wrapped with  sput te r  fuse and 
wired in  ser ies ,  were e l e c t r i c a l l y  i gn i te d  in  the center o f  subunit  2.
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The inner s t r in g  was f i r e d  f i r s t ,  fol lowed by the second a f t e r  good 
convect ion was establ ished. Simultaneously, the remaining h a l f  of  
subunit  1 and the e n t i re  perimeter o f  the block were ra p id ly  ign i ted  
with  d r ip  torches, working from top to bottom along the sides and 
f i n a l l y  across the bottom. This resulted in  the f i r e  being drawn in 
from a l l  four  sides toward the center.
Again, weather condi t ions during the burning days were w i th in  pre­
sc r ip t io n  l i m i t s .  Block 23 was burned with an a i r  temperature ranging 
from 67-70°F, a r e la t i v e  humidity varying from 33-46%, and no wind. 
During the burning o f  block 13, the a i r  temperature ranged from 66- 
70°F, the r e la t i v e  humidity var ied from 33-48%, and the winds were 
eas te r ly  a t 5-7 mph.
Postburn Measurement Procedure
Postburn measurements were taken s ta r t in g  approximately one week 
a f te r  the f i r e s .  S l i g h t l y  over one inch o f  ra in  f e l l  during the 
intervening week, helping to s e t t l e  the ash. A l l  p lo ts  in the three 
burned blocks were successfu l ly  relocated except f o r  one. I t s  apparent 
locat ion was in a disturbed area re su l t in g  from mop-up a c t i v i t y .  Other­
wise, there were no problems in rees tab l ish ing  p lo ts .  However, some 
p lo ts  were located in  unburned is lands,  and there fo re ,  showed no e f fec ts  
from burning. I f  over one-ha l f  o f  the surface area o f  a p lo t  was found 
to be unburned (by ocular  estimate) the p lo t  was ne i the r  remeasured nor 
included in the re s u l t s .  The reason f o r  t h i s  was to avoid biasing the 
resu l ts  w ith  data unaffected by burning.
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Upon id e n t i f y in g  the center du f f  spike in each p lo t ,  the portable 
g r id  was again used to t a l l y  bare mineral so i l  exposure. The g r id  was 
placed on the ground, centered over the spike and the appropriate cor­
ner was aligned with the second d u f f  spike. The ash layer  had to be 
c a re fu l l y  brushed aside in order f o r  the mineral so i l  exposed to be 
t a l l i e d .  Again, a s ing le  u n i t  o f  the g r id  was counted i f  at  least  one 
h a l f  o f  the surface area was composed o f  mineral s o i l .  Both preburn 
and postburn d u f f  depths were then measured on the two spikes, and the 
o r ig in a l  depth and the d i f fe rence were recorded.
Fuel depth was again measured a t each du f f  spike, and the down, 
dead woody fue ls  were remeasured using the same system as before.
Duff spikes were l e f t  in the so i l  and the p lo ts  were disturbed as 
l i t t l e  as poss ib le, in the event of a possible fo l low-up study.
Data Handling and Analysis
Raw data was hand punched onto computer cards in the f i e l d ,  using 
the IBM port-a-punch device. The f i e l d  cards were then machine copied 
onto standard computer cards at the U n ive rs i ty  o f  Montana computer cen­
te r .  The port-a-punch method was chosen in  order to e l im inate the need 
to data punch l a t e r ,  thereby reducing chances f o r  errors in the record­
ing and handl ing o f  the data.
There were 26 d i f f e r e n t  measurements or combinations o f  measure­
ments taken a t each p lo t ,  o f  which 18 were preburn. Each o f  these 
measurements or combinations then became a po ten t ia l  independent 
va r iab le  in a m u l t ip le  regression analysis on d u f f  reduct ion and
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mineral so i l  exposure. Table 3 l i s t s  each o f  these var iab les,
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Table 3. Preburn and postburn independent (Y) and dependent 
(X) var iab les.
Preburn Independent Variables
XI = Slope
X2 = Aspect
X3 = Mineral so i l  exposed 
X4 = Depth o f  down, dead fuels  
X5 = Duff depth
X6 = Weight o f  the woody shrubs
X7 = 0-% inch diameter dead fuel weight
X8 -  inch diameter dead fuel weight
X9 = 1-3 inch diameter dead fuel weight
XIO = Greater than 3 inch diameter (sound) dead fuel weight
XII  = Greater than 3 inch diameter ( ro t ten )  dead fuel weight
X12 = 0-k inch fuel moisture content
X13 = inch fuel moisture content
X14 = Moisture content o f  the lower h a l f  o f  the du f f
X15 - Moisture content o f the upper h a l f  o f  the du f f
X16 - Herbaceous vegetation moisture content
X17 - X7 + X8 + X9 + XIO + X l l
X18 - X6 +• X17
Postburn Independent Variables
X19 = Down, dead fue l depth reduction
X20 = 0-k  inch diameter fuel weight reduct ion
X21 = '4-1 inch diameter fuel weight reduct ion
X22 = 1-3 inch diameter fuel weight reduct ion
X23 = Greater than 3 inch diameter fuel weight reduct ion
X24 = X20 + X21 + X22 + X23
Dependent Variables
Y1 = Mineral s o i l  exposed by the f i r e  
Y2 = Duff reduct ion by the f i r e
CHAPTER 4
RESULTS AND DISCUSSION
Duff Reduction and Mineral Soi l  Exposure
The du f f  reduct ion and mineral so i l  exposure re su l t in g  from burning 
the two clearcuts  was less than desired, as shown in Table 4. The per­
centage o f  mineral so i l  exposed ranged from a low o f  15.1% on subunit
13-1, to a high o f  21.5% on subunit  23-1. This f e l l  short  o f  the de­
si red minimum o f  30%.
Subunit 1 on both c lea rcu t  blocks was d i f f i c u l t  to burn. In both
cases, the ava i lab le  fuel would not carry a f i r e  very w e l l .  Also, the
presence o f  green, herbaceous vegetation with  moisture contents averag­
ing 243.5%, coupled with a mean lower d u f f  moisture content o f  155.4%, 
affected the re s u l t s .  The l i t t e r  and d u f f  would not carry the f i r e  
alone; and with  the more complete residue u t i l i z a t i o n  on these un i ts ,  
the ho t tes t  burning tended to be discontinuous and loca l ized  in areas 
where heavier fuel concentrat ions ex is ted.  Subunit 2 o f  each block 
burned more completely and evenly. However, f o r  the most par t ,  the 
f i r e  merely burned o f f  the f i n e  fue ls  and l i t t e r ,  leaving most o f  the 
heavier fue ls  and d u f f .  Out o f  the 100 p lo ts  in each c learcu t  block, 
ten were l e f t  unburned in each.
The shelterwood burn was even less successful than the c lea rcu t ,  
burns (Table 4 ) .  The f i r e  had to be forced in many loca t ions ,  espec ia l ­
l y  in subunit  1, re su l t in g  in  many large unburned is lands. As a conse­
quence, 26 p lo ts  (over 25% of the t o t a l )  were not burned. The same
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fac to rs  as affected the c lea rcu t  f i r e s  were in evidence also in the 
shelterwood. The lower d u f f  moisture content averaged 148% and the 
moisture content o f  the herbaceous vegetat ion averaged 222.4%. Also, 
the fa c t  th a t  much o f  the fo re s t  f l o o r  was shaded in the shelterwood 
had an in f luence. This was re f lec ted  in the higher moisture contents 
o f the f ine  (0-% inch and %-l inch diameter) dead fu e ls .  In the 
c learcu ts ,  the values were 14.4% and 14.5% respec t ive ly ,  whi le in the 
shelterwood they were 17.2% and 20.7%. The wet te r  f in e  fue ls  tend to 
reduce the rate o f  spread and the i n te n s i t y  o f  a f i r e .  Also, with 
wet ter fue ls  more heat has to go in to  drying,,  re su l t in g  in less heat 
energy released ( i n t e n s i t y ) ,  and less du f f  reduced.
Means, variances, standard dev ia t ions,  and the standard errors 
o f the estimates were ca lcu la ted fo r  a l l  measurements by subuni t ,  
and by c u t t in g  treatment (Appendix C).
In the c lea rcu ts ,  s lope, aspect, preburn weight o f  woody shrubs, 
preburn mineral so i l  exposure, preburn du f f  depth, and d u f f  and fuel 
moisture contents, were a l l  very s im i la r  based on subunit  means. The 
only obvious preburn d i f fe rences between subunits were in dead fuel 
weights.
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The postburn analysis shows tha t  the re su l t in g  subunit  mean d u f f  
reductions and mineral so i l  exposures were s im i la r ,  despite large 
d i f ferences in fuel loadings. This ind icates th a t ,  in th is  
case, dead fue l weights were not important in descr ibing d u f f  reduct ion 
over the e n t i re  un i t .
In the shelterwood, s l i g h t l y  la rge r  d i f fe rences between subunit 
means o f  preburn var iables were found. Fuel consumption varied great­
l y ,  depending p r im a r i ly  on the preburn weight.
The du f f  reduct ion and mineral so i l  exposure were greater on subunit
2, which had the higher fuel loadings. This r e s u l t ,  whi le  d i f f e r e n t
from tha t  o f  the c learcu ts ,  is more in l i n e  with  what one would expect. 
Where heavier fue ls  e x i s t ,  the f i r e  burns h o t te r ,  re leasing more heat 
to burn the du f f .  Also, the durat ion o f  the heat released increases
as the fuel size increases.
Table 4. Mean values f o r  du f f  
exposure.
reduct ion and mineral so i l
Mineral Soi l Duff Duff
Subunit Exposure (%) Reduction (cm) Reduction {%)
13-1 15.1 1.5 25.4
13-2 20.8 1.8 29.0
23-1 21.5 2.0 28.5
23-2 18.8 1.7 24.1
21-1 7.1 .4 5.1
21-2 12.6 1.2 17.5
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Fuel Weights
Table 5 shows the down, dead fuel weights fo r  each subunit by 
diameter size class. The values as shown appear to be s l i g h t l y  higher 
than would be ind icated by ocular est imate, espec ia l ly  in the large • 
size class. One reason f o r  t h i s  apparent overest imate l ie s  in an
I
unintent ional  bias present in the computations, since only the p lots  
which a c tu a l l y  burned were included in the computations. Log ica l ly ,  
many o f  the p lo ts  which did not burn were those with  l i g h t  fuel load­
ings, and since they were not included the resu l ts  would tend to be 
biased toward the p lo ts  with the heavier fuel loadings. This was con­
fi rmed by computing the fuel loading on the 26 unburned p lots  in the 
shelterwood. When the unburned p lo ts  are included with  the burned 
p lo ts ,  the preburn to ta l  fue l  loading in  subunit  21-1 drops from 47.06 
tons/acre (10.52 kg/m^) to 40.58 tons/acre (9.10 kg/m^), and in sub­
u n i t  21-2 i t  drops from 64.74 tons/acre (14.52 kg/m^) to 50.32 tons/ 
acre (11.28 kg/m^). Since in  the clearcuts  only 9.5% o f  the p lots  were 
unburned, the to ta l  fue l  loading would be a f fec ted less than in the 
shelterwood where 26% of the p lo ts  were unburned.
A second possible explanat ion l i e s  in the sampling design. Brown 
(1974) ind icates tha t  long sampling planes are necessary fo r  est imating 
fuel weight f o r  the la rger  diameter pieces. He recommends 35 to 50 
fee t  f o r  sampling planes in  discontinuous l i g h t  slash, decreasing to 
15 to 25 fee t  in  heavy slash. In order  to  adhere to these gu ide l ines, 
ye t  s t i l l  stay w i th in  the p lo t  boundaries, the system o f  using e ight 
four  foo t  planes was chosen, g iv ing  a to ta l  sampling plane length o f  32
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fee t .  However, the oppor tun i ty  f o r  oversampling c le a r l y  e x is ts ,  since 
i t  is  possible f o r  one piece o f  mater ial  to cross a l l  e igh t  planes 
w i th in  the p lo t .  This would ind ica te  tha t  e igh t  separate pieces o f 
that diameter size were present in the p lo t ,  when in fa c t  only one was 
a c tu a l l y  there. A be t te r  method would have been to measure the actual 
length and diameter o f  each piece o f  mater ial  (greater  than three 
inches in diameter) present in the p lo t .  This s i tu a t io n  can be con­
f i rmed by checking the percent e r ro r  o f  the fuel weight estimates 
(Table 6).
Table 5. Down, dead fuel loadings fo r  each subuni t  by diameter
size cl ass.
Mean Fuel Loadings in  Tons/Acre
Subunit G-%" k-1" 1-3" 3"+ (sound) 3" + ( ro t ten ) to ta l
13-1 2.14 7.98 8.70 5.75 11.42 35.99
13-2 2.45 6.96 11.51 9.81 46.21 76.89
23-1 2.54 7.63 9.63 3.34 54.23 77.38
23-2 2.85 7.45 7.67 41.61 58.38 117.98
21-1 2.50 6.65 7.18 11.28 19.45 47.05
21-2 2.54 6.38 9.63 12.09 34.12 64.76
The smal ler diameter mater ial  appears to have been estimated with a 
f a i r l y  high level o f  p rec is ion  (11% or less f o r  3 inch diameter and 
less) .  Percent errors  o f  20% or less are normally considered as ade­
quate leve ls  o f  p rec is ion when deal ing w ith  fuel measurements (Brown 
1974).
A second problem in  est imating the preburn weight o f  the large 
fue ls  was the large number o f  p lo ts  where no such fue ls  were recorded.
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This large number o f  zeros resulted in a large sampling variance, 
ind ica t ing  th a t  longer sampling planes were needed. The va r ia t ion  was 
so great ,  in f a c t ,  tha t  the standard deviat ions were f requent ly  larger  
than the means (Appendix C).
Although the mean values f o r  the preburn fuel weights 
o f  the larger  mater ial  were not estimated with a high level o f  p re c i ­
sion, i t  was f e l t  tha t  ind iv idua l  p lo t  measurements would s t i l l  be 
useful in the analysis.  The re la t i v e  d i f fe rence between plots should 
al low an ind ica t ion  o f the inf luence o f  the heavier fue ls  in du f f  
reduction. However, since the accuracy o f  the absolute values is 
quest ionable, the usefulness o f  these values in a p red ic t ion  equation 
is doubt fu l .
Table 6. Percent errors  f o r  fue l weight estimates 
by diameter size class and cu t t ing  t r e a t ­
ment. Percent e r ro r  is  lOOx the standard 
e r ro r  o f  the estimate d ivided by the 
mean estimate.
Diameter Percent Error
size class ( inches) clearcuts shelterwood
0-% 5%
% -l 6# 8%
1-3 6% 11%
3+ (sound) 40% 22%
3+ ( ro t te n )  16% 25%
to ta l  12% 13%
The fuel consumption data also reveals a sampling or design prob­
lem. Negative fue l consumption was computed in one or more size c las-
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ses in 29.4% o f  the p lo ts .  Since fuel consumption computations are 
based on an exact re loca t ion  o f  the preburn sampling planes during the 
postburn inventory, several chances f o r  e r ro r  are present: (1) The
sampling system, as designed, is  very sens i t ive  to s l i g h t  s h i f t s  in 
pos it ion  o f  e i t h e r  the sampling planes during p lo t  re loca t ion ,  or  of 
the fue ls  themselves between sampling periods. This is  espec ia l ly  
s ig n i f i c a n t  when only a small number o f  in te rcepts  are recorded during 
the preburn inventory ; (2) steep slopes and heavy human t r a f f i c  lead 
to much downslope movement o f  woody m a te r ia l ;  and (3) often an i n d i ­
vidual piece w i l l  not burn e n t i r e l y ,  but merely s u f fe r  a diameter 
decrease. This w i l l  e f f e c t i v e l y  add to the amount o f  mater ial  in a 
lower size class. I t  was fo r  th i s  reason that the d is t in c t io n  between 
sound and ro tten was not made during the postburn inventory of the 
greater than three inch diameter m a te r ia l .  In many cases, a ro tten 
shel l w i l l  burn away from a sound core in a large diameter log ,  leav­
ing a smal ler diameter sound log (Norum 1975).
Analysis o f  Variance
Before the regression analysis could be performed, several deci ­
sions on s t r a t i f i c a t i o n  were necessary. F i r s t ,  i t  was necessary to 
determine whether or  not s t r a t i f i c a t i o n  between cu t t in g  treatments 
was needed. Second, the quest ion o f whether there were any s t a t i s t i ­
cal d i f fe rences between the two subunits w i th in  each block had to be 
considered; and t h i r d ,  did the two c learcu t  blocks themselves repre­
sent the same populat ion?
The f i r s t  step was to s t r a t i f y  a r b i t r a r i l y  by cu t t ing  treatment.
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since the shelterwood was treated using a t o t a l l y  d i f f e r e n t  p rescr ip t ion  
and i g n i t i o n  procedure. A one- fac to r  analys is  o f  variance was used to 
te s t  the s ign i f icance  o f  the d i f fe rence  between the two shelterwood 
subunit  var iances, fo r  both mineral so i l  exposure and du f f  reduct ion 
(Tables 7 and 8).  The nu l l  hypothesis tha t  there was no s io n i f i c a n t  
d i f fe rence between the variances o f  the two sample populations could 
not be re jected fo r  mineral so i l  exposure, but was rejected fo r  du f f  
reduct ion. These resu l ts  were confirmed by computing a t - t e s t  on the 
means. In t h i s  case, the t -va lue  f o r  mineral so i l  exposure was 1.58, 
whi le f o r  du f f  reduct ion i t  was 2.85. The t-va lue  at the .05 level fo r  
72 degrees o f  freedom is  1.99, requ i r ing  tha t  the hypothesis that no 
d i f fe rence between the means ex is ts  be re jected f o r  du f f  reduct ion.
In other words, there was no s i g n i f i c a n t  d i f fe rence in mineral so i l  
exposure between the two shelterwood subunits ,  but there was a s ig n i ­
f i c a n t  d i f fe rence in d u f f  reduct ion.
In order to fu r th e r  inves t iga te  th i s  s i t u a t i o n ,  a te s t  o f homoge­
ne i ty  o f  variance was run, since i t  is inherent in the t - t e s t .  An F- 
te s t  was used where F was ca lcu la ted as the quot ien t  o f  the larger  var­
iance (subunit  2) by the smal ler (subunit  1). This was done in order 
to ensure an F-value greater than 1, so tha t  only the upper par t  o f  the 
d i s t r i b u t i o n  was used. However, in doing t h i s ,  i t  is  necessary to 
double the tabu la r  p r o b a b i l i t i e s  since we are making i t  a one- ta i l  
t e s t  instead o f  a tw o - ta i l  t e s t .  When th is  d iv is io n  o f  variances was 
carr ied  out,  the F-value f o r  percent d u f f  reduct ion was 9.1. When 
compared to the F-value o f  1.6 a t  the .10 level ( .05 before doubl ing)
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f o r  33 and 39 degrees o f  freedom, the hypothesis o f  homogeneity o f  var­
iance must be re jected f o r  percent d u f f  reduct ion. In other words, the 
va r ia t io n  in d u f f  reduct ion is not uniform across subunit  boundaries. 
Therefore, the v a r ia t io n  between subunits is s i g n i f i c a n t l y  greater than 
the va r ia t io n  w i th in  subunits.
Table 7. Analysis o f  var iance (ANOVA) table  f o r  mineral so i l  expo­
sure in the shelterwood.
Source o f  
Var ia t ion ss df ms F
subunits 552.681 1 552.681 2.49
e r ro r 15993.2 72 222.127
to ta l  16545.881 73
F a t  the .05 level with (1,72) degrees o f  freedom is 3.98.
Analysis o f  var iance was also used to te s t  f o r  s ig n i f i c a n t  d i f ­
ferences between the c lea rcu t  blocks. Since the only purpose behind 
the te s t  was to determine whether or not each ind iv idua l  subunit  could 
be considered the same populat ion fo r  sampling purposes, a simple one- 
fa c to r  analysis o f  var iance was computed. In th i s  way, d i f ferences 
in variance between a l l  fou r  subunits could be examined with one 
t e s t ,  possib ly  negating the need f o r  more de ta i led  analysis la te r .
As shown in Tables 9 and 10, the nu l l  hypothesis tha t  no s ig n i f i c a n t  
d i f fe rences e x is t  between subunits could not be re jec ted .  Therefore, 
homogeneity o f  variances can be assumed, and i t  can be concluded 
tha t  the d i f fe rences between the subunit  means are not too great to 
be a t t r i b u te d  to chance. The fa c t  th a t  the v a r ia t io n  l ie s  p r im a r i ly  
w i th in  the subunits and not between the subunits lends encouragement
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Table 8. Analysis o f  var iance 
the shelterwood
(ANOVA) tabl e f o r  d u f f  reduct ion in
Source of 
Var ia t ion ss df ms F
subunits
e r ro r
2806.66
25084.1
1
72
2806.66 8.06 
348.39
to ta l 27890.76 73
F a t the ,.05 level with (1,72) degrees of freedom is 3.98.
Table 9. Analysis o f  variance 
sure in the clearcuts
(ANOVA) table f o r  mineral so i l  expo-
Source o f  
Varia t ion ss df ms F
subunits
e r ro r
1116.48
63044.50
3
177
372.161 1.04 
356.184
t o ta l  64160.98 180
F at the .05 level w ith  (3,177) degrees o f freedom is 2.72.
to the hypothesis tha t  p re d ic t ive  models are possible across reason­
ably homogeneous areas. I f  each logged area were in f a c t  a unique 
popula t ion, s im i l a r  re su l ts  from s im i l a r  treatments could not be 
expected.
On the basis o f  the tests  described above, i t  was concluded tha t  
the p lo ts  from a l l  fou r  c learcu t  subunits could be combined and treated 
as coming from the same populat ion. Therefore, only two sampling un its  
(popula t ions)  were l e f t  to work w i th ,  the shelterwood and the combined 
c lea rcu ts .
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Table 10. Analysis o f  variance 
in the c learcu ts .
(ANOVA) tab le  fo r  du f f reduct ion
Source of 
Var iat ion ss df ms F
subunits 752.154 3 250.718 .57
e r ro r 78066.8 177 441.056
to ta l  78818.954 180
F at the .05 level w ith  (3,177) degrees o f  freedom is  2.72.
Regressions and Corre la t ions
Preburn Var iab les . In order to s i f t  through the large quant i ty  
o f  data co l lec ted ,  a computer program (REX--Fortran-4) (Grosenbaugh 
1967) was used both f o r  combinatorial  screening and conventional m u l t i ­
va r ia te  regression ana lys is .  This program provides a means fo r  rapid 
screening o f  a l l  combinations o f  independent var iab les .  I t  produces a 
l i s t i n g  o f  residual mean squares f o r  the regression equation formed 
by the dependent var iab le  and each set o f  independent var iab les. By 
scanning th is  l i s t  f o r  low values (which correspond to high values) 
i t  is  possible to qu ick ly  focus on those combinations which best ex­
p la in  the variance occurr ing in the dependent va r iab le .  The program 
can fu r th e r  supply a complete set o f  s t a t i s t i c s  fo r  any equation s e l ­
ected in the screening process.
Two separate screenings were run fo r  both the shelterwood (74 
sets o f  observat ions) and the c learcuts  (181 sets o f  observat ions).
The f i r s t  run tes ted mineral so i l  exposure (Yl)  and d u f f  reduct ion 
(Y2) against a l l  possible combinations o f  preburn va r iab les ,  up to and
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inc lud ing sets o f  four.  In th is  run, d u f f  reduct ion was expressed in 
terms o f  cm. o f  depth reduct ion.
In the shelterwood, with mineral so i l  exposure (Yl)  as the depen­
dent va r iab le ,  the best combination o f  independent var iab les produced 
an R = .33. These var iab les included preburn mineral so i l  exposure 
(X3), preburn du f f  depth (X5), preburn weight o f  the woody shrubs (X6), 
and the h-1 inch diameter dead fuel weight (X8). With duff  depth 
reduct ion (Y2) as the dependent va r iab le ,  a combination o f  preburn 
mineral so i l  exposure (X3), preburn du f f  depth (X5), the h - l  inch d ia ­
meter dead fue l weight (X8), and the moisture content o f  the herbaceous 
vegetation (X16) produced the highest value ( .41 ) .
For the c learcuts  the R̂  values were so low tha t  no re la t ionsh ips 
were ind icated. With mineral so i l  exposure (Yl)  as the dependent var­
iab le ,  a combination o f  preburn mineral so i l  exposure (X3), preburn 
du f f  depth (X5), the 1-3 inch diameter dead fuel weight (X9), and the 
moisture content o f  the herbaceous vegetation (X16) produced an R̂  o f  
only .13. For d u f f  depth reduct ion (X2), the highest R̂  value was an 
equal ly poor .16. In th i s  second case, the independent var iables con­
s is ted  o f  the %-l inch diameter dead fuel weight (X8), the 1-3 inch 
diameter dead fue l weight (X9), the greater than 3 inch diameter ( r o t ­
ten) dead fue l weight ( X l l ) ,  and the moisture content o f  the herbaceous 
vegetation (X16).
An examination o f  the ind iv idua l  co r re la t io n  co e f f i c ie n ts  ( r )  
between each dependent and each independent var iab le  (Table 11) shows
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no strong po s i t ive  or  negat ive co r re la t ions .  In the c learcuts , the 
highest co r re la t ions  were between mineral so i l  exposure (Yl)  and pre­
burn d u f f  depth (X5) ( r  = - . 2 9 ) ,  and du f f  reduct ion (Y2) and preburn 
depth o f  down, dead fuel (X4) ( r  = .28).  In the shelterwood, the 
co r re la t ions  were s l i g h t l y  be t te r .  The highest were between Yl and 
X3 (preburn mineral so i l  exposure) ( r  = .42) and Y2 and X5 ( r  = .47).  
These resu l ts  are not su rp r is ing  since in  three o f  the four  cases 
above, i t  shows th a t  the amount o f  d u f f  removed by the f i r e  (both spa­
t i a l l y  and by depth) is re la ted to what was there before.
Table 11. Ind iv idua l  l i n e a r  co r re la t io n  co e f f i c ie n ts  ( r )  
between each preburn independent var iab le  and both mineral 
so i l  exposure (Yl)  and du f f  depth reduct ion by depth (Y2).
Independent Clearcuts Shelterwood
Var iab le !  Yl Y2 Yl Y2
XI .04 -.05 .17 .19
X2 -.003 .13 -.22 -.17
X3 .14* -.09 .42* .09*
X4 .03 .28 .33 -.02
X5 - .2 9 * .08 - .33* .47*
X6 .12 . 12 - .23 * -.08
X7 -.09 .16 -.25 -.10
X8 -.04 .25* - .36* - .15*
X9 .08* .27* - .13 -.01
XIO .01 .07 -.11 -.04
X l l .15 .23* -.09 .14
X12 .004 .02 - .08 -.004
X13 .01 .05 -.13 -.04
X14 - .07 .04 .16 .28
X15 .01 .11 -.04 -.09
X16 .01* . 15* .12 .21*
X17 .12 .25 -.16 .10
X18 . 12 .25 -.16 .10
^See Tabl e 3, page 24.
*Denotes those variables included in the regression equation
with  the highest f o r each dependent var iab le .
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Table 11 also shows the variables which were included in the 
screening combinations with  highest values. In a l l  cases, the 
var iables w ith  the highest simple l in e a r  co r re la t ion  coe f f ic ien ts  
were usual ly  included in  these combinations. This merely confirms 
the fa c t  tha t  even though the highest corre la ted variables were com­
bined in the regression analys is ,  they simply do not explain much o f  
the va r ia t io n  experienced in  the dependent var iab les . In f a c t ,  when 
a t - t e s t  on the hypothesis tha t  the regression co e f f ic ien ts  were 
a c tu a l l y  zero (based on a regression equation containing a l l  dependent 
var iab les)  was computed f o r  each independent var iab le  a t the .05 le v e l ,  
i t  could only be re jected fo r  preburn mineral so i l  exposure (X3) and 
preburn du f f  depth (X5).
The next step in the analysis was to p lo t  sca t te r  diagrams between 
selected independent var iables and both dependent var iab les. The in ­
ten t  was to discover nonl inear re la t ionsh ips  which could lead to 
transformations o f  independent var iab les ,  resu l t ing  in  new variables 
expla in ing more o f  the experienced va r ia t io n  in the dependent var iab le . 
However, none o f  the sca t te r  diagrams showed any discernable r e la t io n ­
ships. Even three dimensional p lo ts  o f  two independent and one depen­
dent var iab le  showed nothing o f  value.
Several t ransformations were t r i e d ,  using a regression program 
(STPREG.BAS) ava i lab le  through the computer l i b r a r y  a t  the Univers i ty  
o f  Montana. The rec ip roca l  o f  both upper and lower du f f  moisture con­
tents (1/X14 and 1/X15) were t r i e d ,  as wel l  as the sum o f  the two 
(X14+X15), w ith  no b e t te r  resu l ts .  Also, because there were so many
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zero observations among the dependent var iab les ,  the transformation 
Y = A + .5  was t r i e d .  This was done in  an attempt to spread out
the va r ia t ion  concentrated at tha t  end o f  the range. However, i t  was
to no avai l  as values dropped f o r  three o f  the fou r  equat ions, and
showed only a .02 increase in  the fou r th .
Postburn va r ia b le s . At t h i s  p o in t ,  i t  was apparent tha t  the o r i ­
ginal ob ject ives were not going to be met, tha t  i s ,  a p redic t ion  equa­
t ion  had not been found f o r  e i th e r  du f f  reduct ion or mineral so i l  
exposure, based on only preburn measurements. However, in an attempt 
to uncover the fac to rs  which in  fa c t  did explain the va r ia t ion  in  the 
two dependent va r iab les ,  several postburn re la t ionsh ips  were examined. 
As l i s t e d  in Table 3, page 24, the fo l low ing  independent var iables 
were added:
XIO = Down, dead fuel depth reduct ion
X20 = G-% inch diameter fuel weight reduction
X21 = %-l inch diameter fuel weight reduct ion
X22 = 1-3 inch diameter fuel weight reduct ion
X23 = Greater than 3 inch diameter fue l weight reduct ion 
X24 = X20 + X21 + X22 + X23 
These s ix  var iab les were then combined with selected preburn var­
iables and a second screening was run. In th i s  run, d u f f  reduct ion 
was expressed as a percentage instead o f  by d i r e c t  depth measurement. 
Also, several combinations o f  up to  s ix  var iab les were t r i e d  using the 
STPREG rout ine.
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The resu lts  were again discouraging. For the shelterwood, the 
highest value fo r  mineral so i l  exposure (Yl)  was .35, being pro­
duced by a combination o f  the fo l low ing  var iab les :  preburn mineral
so i l  exposure (X3), preburn d u f f  depth (X5), the h - l  inch fuel mois­
ture content (X13), the %-l inch diameter fuel weight reduction (X21), 
and the 1-3 inch diameter fue l weight reduct ion (X22). For du f f  re­
duction (Y2), preburn mineral so i l  exposure (X3), the h - l  inch diameter 
dead fue l weight (X8), the moisture content o f the lower h a l f  o f  the 
d u f f  (X14), and the 0-h inch diameter fuel weight reduction (X20) com­
bined f o r  an = .28.
p
The clearcuts showed even lower R values. For mineral so i l  expo­
sure (Y l ) ,  an r2 o f  .13 was produced by a combination o f preburn min­
eral  so i l  exposure (X3), preburn d u f f  depth (X5), the greater than 3 
inch diameter ( ro t ten )  dead fue l weight ( X l l ) ,  and the 1-3 inch diame­
te r  fue l weight reduct ion (X22). With du f f  reduct ion (Y2) as the de­
pendent va r iab le ,  preburn d u f f  depth (X5), the 0-h inch diameter dead 
fuel weight (X7), the 0-h inch diameter fuel weight reduction (X20), 
and the 1-3 inch diameter fuel weight reduct ion (X22) combined fo r  
an R̂  = ,26.
None o f  these combinations, however, have a m u l t ip le  co r re la t ion  
c o e f f i c i e n t  (R^) high enough to be o f  any descr ip t ive  value. When a 
t - t e s t  was used to te s t  the hypothesis tha t  the c o e f f i c ie n ts  o f  the 
variables in  a regression equation conta ining a l l  the independent 
var iab les were a c tu a l l y  zero ( i . e .  adding nothing to the equat ion),  
i t  could only be re jected a t the .05 level f o r  preburn mineral so i l
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exposure (X3), preburn d u f f  depth (X5), and in one case, the moisture 
content o f  the 0-% inch diameter dead fue ls .  This indicates tha t  these 
equations must be considered to have resulted from chance, and have no 
s t a t i s t i c a l  s ign i f i cance  a t  the .05 leve l .
Table 12. Ind iv idua l  l i n e a r  co r re la t io n  co e f f i c ien ts  ( r )  between 
each postburn independent var iab le  and both mineral so i l  exposure 
(Y l )  and du f f  reduct ion by percent (Y2).
Independent
Variable^
Clearcuts Shelterwood
Yl Y2 Yl Y2
X19 .04 .23 -.13 . 16
X20 - .08 .04 -.14 .01
X21 -.02 .11 -.21 -.09
X22 .14 .18 .10 .10
X23 .10 .09 -.07 .01
X24 .10 .11 -.08 .02
Isee Table 4, page 27.
The simple l in e a r  co r re la t io n  co e f f i c ie n ts  between the dependent 
var iables and each postburn independent var iab le  are shown in Table 12. 
No strong co r re la t ions  are ind ica ted ,  implying th a t ,  as was the case 
with  the preburn va r iab les ,  causal re la t ionsh ips  cannot be in fe r red .
Scatter  diagrams were again p lo t ted  in  both two and three dimen­
sions (two independent var iables versus one independent va r ia b le ) ,  in 
an attempt to uncover nonl inear re la t ionsh ips  between var iab les. How­
ever,  the p lo t te d  points did not show any d i s t i n c t  patterns; there fore .
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no systematic re la t ionsh ips  were suggested. In most cases, the points 
were widely and randomly located across the diagrams. However, several 
combinations using d u f f  moisture or var ious fuel moisture contents as 
var iab les, resu lted in c lus ters  o f  points which suggested e i th e r  a 
r e la t i v e l y  v e r t i c a l  o r  a hor izonta l  s t ra ig h t  l i n e  as a possible f i t .  
Such a f i t ,  although ind ica t ing  no re la t io n s h ip ,  is en l ightening since 
i t  points to the l im i ted  range o f  the var iables measured.
D is t r ib u t io n  o f  the Dependent Variables
Very l i t t l e  o f  the measured change (va r ia t io n )  in both mineral 
so i l  exposure or d u f f  reduct ion could be explained by the measured 
parameters. This was despite strong evidence in the l i t e r a t u r e  to 
the contrary . As an aid in understanding th is  s i t u a t i o n ,  the mean, 
var iance, standard dev ia t ion ,  and standard e r ro r  of the estimate fo r  
both dependent var iab les are presented in Table 13. The v a r ia t io n ,  
as shown, is very large fo r  both ind ica t ing  an obvious wide range.
At the same t ime, the r e l a t i v e l y  small standard errors ind icate  tha t  
the sample s t a t i s t i c s  are f a i r l y  good estimates o f  the populat ion 
s t a t i s t i c s .  This points  to a s i tu a t io n  where e i t h e r  the observations 
are not c lustered about the mean, or there are o u t l i e r s  in  the d is ­
t r i b u t i o n .  In e i t h e r  case, the p o s s ib i l i t y  o f  a hon-normal d i s t r i ­
but ion e x is ts .
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Table 13. S t a t i s t i c s  f o r  the d i s t r i b u t i o n  o f  mineral so i l  
exposure (Yl )  and du f f  reduct ion (Y2) in both the clearcuts 
and the shelterwood. Measurements are expressed as a per­
centage o f  the preburn t o t a l .
Standard Standard 
Mean Variance Deviat ion Error
Clearcuts
Yl 19.1% 356.4 18.9 1.4
Y2 26.8% 437.9 20.9 1.6
Shelterwood
Yl 9.6% 226.7 15.1 1.8
Y2 10.8% 382.1 19.6 2.3
There are, in  f a c t ,  very d e f i n i t e  ind ica t ions  tha t  the two depen­
dent var iables are not d is t r ib u te d  normal ly. F i r s t ,  the d is t r ib u t io n  
is  not symmetric about the mean. Second, the observations do not 
span the possible  d i s t r i b u t i o n  (0 to 100%); and t h i r d ,  the large 
number o f  observations equal to zero ind icates a truncated d i s t r i ­
but ion. These ind ica t ions  are fu r th e r  substant iated by a t - t e s t  
on the values f o r  ku r tos is  (peakedness) and skewness, as computed 
by the REX program (see Appendix D f o r  a discussion o f  kurtos is  
and skewness). In the shelterwood, the computed values fo r  kur to ­
s is  and skewness were 5.33 and 1.86 respec t ive ly .  From these a 
t -va lue  f o r  each was computed and tested against the t - d i s t r i b u -  
t ions under the hypothesis th a t  the values are as expected fo r  a 
normal d i s t r i b u t i o n .  In both cases, the hypothesis had to be re-
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jected a t  the .001 level  (Table 14). In the c learcu ts ,  the same 
s i tu a t io n  e x is ts .  The values f o r  kurtos is  and skewness are 1.52 
and 1.11 respec t ive ly ,  and in  each case the computed t-va lue is 
large enough to cause the hypothesis to be re jected a t the .001 
level (Table 14).
Based on these re s u l t s ,  i t  can be concluded tha t  the d is t r ib u t io n s  
fo r  both mineral so i l  exposure and d u f f  reduct ion are both peaked or 
pointed a t the mean, and skewed to the r i g h t  or pos i t ive  side (asymme­
t r i c ) .  This s i t u a t i o n  does present some problems, since the analyses 
employed so f a r  are cont ingent upon a normal d i s t r i b u t i o n .  However, 
the analysis o f  var iance employed may s t i l l  be useable, since mod­
erate departures from normal i ty  do not g rea t ly  d is tu rb  the probab­
i l i t i e s  associated with the F -d is t r i b u t io n  (Snedecor 1946). Also, 
regression c o e f f i c ie n ts  may s t i l l  be va l id  close to the mean; but 
any p red ic t ive  value is  l o s t  because o f  the asymmetry and the wide 
range o f  values ava i lab le  once you move away from the mean.
Fuel and Duff Moisture
The moisture content o f  the d u f f ,  the dead woody fu e ls ,  and the 
l i v i n g  herbaceous vegetat ion a l l  have been repeatedly shown to be a 
major in f luence in  the reduct ion o f  the du f f  layer  by f i r e  (Norum 
1975, Shearer 1975, Van Wagner 1972). Of these, d u f f  moisture, 
espec ia l ly  lower d u f f  moisture, has been focused on most heavi ly .  
However, in t h i s  study, the moisture contents o f  the various fue ls
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appear to be unrelated to d u f f  reduct ion. This anomaly is d i f f i c u l t  
to expla in.
Table 14. Test s t a t i s t i c s  f o r  t - t e s t  f o r  kurtos is  and 
skewness in  both c u t t in g  treatments.
Shelterwood Clearcuts
1 9
t -va lue  te s t  s t a t i s t i c  t-va lue  te s t  s t a t i s t i c
kur tos is  9.66 3.22 4.23 3.16
skewness 6 . 6 8  3.22 6.17 3.16
^From t - d i s t r i b u t i o n  at .001 level with 73 d . f .  
Zprom t - d i s t r i b u t i o n  a t . 001  level with 180 d . f .
One problem co n t r ibu t in g  to th i s  s i tu a t io n  l i e s  in  the sampling 
design. As was mentioned e a r l i e r ,  i n s u f f i c i e n t  funds and manpower 
precluded sampling moisture contents a t each ind iv idua l  p lo t .  There­
fo re ,  only ten sets o f samples were taken from each subunit ,  with 
each p lo t  being assigned the moisture contents as measured at the 
nearest sampling p o in t .  This procedure resu lted in a wide range 
o f  d u f f  reduct ion and mineral so i l  exposure percentages t ied  to the 
same measurements o f  fuel moisture content.  What a c tua l ly  happened 
then, was th a t  the v a r ia t io n  in  moisture content was in e f fe c t  
averaged ou t ,  whi le  the v a r ia t io n  in d u f f  reduct ion and mineral 
so i l  exposure was l e f t  as i t  was. Since the v a r ia t io n  in the 
moisture content measurements was smal l ,  t h i s  is  not a strong c r i ­
t i c i s m ;  nevertheless, i t  is  probably a co n t r ibu t in g  fa c to r .
46
Secondly, the unusual weather condi t ions on the Coram Experi­
mental Forest during August, 1975, resulted in uniformly high lower 
d u f f  moistures. As shown in  Appendix E, during the month o f  August 
there was a to ta l  o f  4.07 inches o f  p r e c ip i t a t i o n ,  twice the normal 
mean, and the average temperature was 66.9°F, approximately 2° 
below normal. This was the coldest August ever recorded at the 
Hungry Horse Dam, and the t h i r d  wet test since records were started 
in 1947.
As a r e s u l t  o f  t h i s  co ld , wet August, lower d u f f  moisture con­
tents were unusually high. In the c lea rcu ts ,  lower du f f  moisture 
averaged 155.4%, w ith  a range from a low o f  71.1% to a high of 
275.0%. The shelterwood averaged 148.0% with  a range from 77.4% 
to 204.8%. Shearer (1975), working in the same fo re s t  type, found 
tha t  du f f  reduct ion in percent is  re la ted to lower du f f  moisture, 
only when the l a t t e r  is  between 50% and 110%. At 50% moisture 
content the d u f f  layer  is mostly burned o f f ,  but as the moisture 
content increases, a decreasing percentage o f  the d u f f  layer  is 
consumed. Above 110%, however, d u f f  reduct ion drops to a uniformly 
low amount.
The resu l ts  o f  t h i s  study conf irm the f a r  end o f  the sigmoid­
shaped curve presented by Shearer. Since the great ma jo r i ty  o f 
lower d u f f  moisture content measurements were above 110%, the fa c t  
tha t  they had no s i g n i f i c a n t  c o r re la t io n  to du f f  consumption is  
not unexpected according to Shearer 's curve.
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Unexplained Var ia t ion
In the f i n a l  ana lys is ,  the fa c t  remains tha t  most o f  the va r ia ­
t io n  experienced in both mineral so i l  exposure and du f f  reduct ion in 
th is  study is  unexplained. The v a r ia t io n  is  la rge ,  both in the 
dependent var iab les ( the response) and in the independent var iables 
ind ica t ing  a prime s i tu a t io n  fo r  causal re la t ionsh ips .  The f a i l u r e  
to locate such re la t ionsh ips  apparent ly l i e s  in the masking e f fe c t  
o f  the extremely wet d u f f ,  or poss ib ly  in undiscovered in te rac t ions  
between var iab les .  Several design flaws have been acknowledged, 
but sampling er ro rs  must be considered to be minor (as evidenced by 
the low standard errors  o f  the est imates) .  Moisture contents of 
both the fue ls  and the d u f f  is  l i k e l y  masking several re la t ionsh ips ,  
and undiscovered in te rac t ions  cannot be ruled out.
One considerat ion not explored is  the inf luence o f the area 
surrounding a p lo t ,  and what happens to i t .  For example, a fuel 
concentrat ion immediately above or below a p lo t  could inf luence 
the way the p lo t  burns. Radiant preheating from below, or r o l l i n g ,  
burning materia l  from above, are two examples. Likewise, a dearth 
o f  fue ls  below a p lo t ,  or even discontinuous around i t ,  could 
g re a t ly  in f luence the way a p lo t  burns. This unmeasured and d i f ­
f i c u l t  to def ine parameter is  probably not held constant when 
deal ing with  so many p lo ts  o f  such a r e l a t i v e l y  small s ize. How­
ever, i t  is  common to a l l  f i r e s  in fo re s t  fue ls  and cannot be 
e f f e c t i v e l y  q u a n t i f ie d ,  unless 100% sampling is  attempted.
CHAPTER 5 
CONCLUSIONS
No regression equations have been presented since mu l t ip le  cor­
re la t io n  c o e f f i c i e n t  (R^) values were in a l l  cases too low to be of 
any p red ic t ive  value. In most cases (a t  the .05 l e v e l ) ,  the re ­
gression c o e f f i c ie n ts  were a c tu a l l y  equal to zero. Of the more than 
53,000 combinations o f  var iab les tes ted, the highest R̂  value com­
puted was only .41, w ith  the vast m a jo r i ty  being much lower.
Also, because o f  the shape o f  the curve represent ing the d is ­
t r i b u t i o n  o f  mineral so i l  exposure and d u f f  reduct ion, even a re ­
gression equat ion with  a high R̂  value would have a doubtful  p red ic­
t i ve  value. The d i s t r ib u t i o n s  are non-normal, being both leptokur-  
t i c  (peaked) and p o s i t i v e l y  skewed. In add i t ion ,  the d is t r ib u t io n s  
are truncated with  a large number o f  observations equal to zero. 
Although in th i s  s i tu a t io n  a regression equation may have predic­
t i v e  value f o r  observations near the mean, because o f  the shape 
and the asymmetry o f  the curve, any p red ic t ive  value would be lo s t  
once you move away from the mean.
On the p o s i t ive  s ide, the analys is  o f  variance between blocks 
and subunits showed both a homogeneity o f  variance and l i t t l e  be­
tween block v a r ia t io n .  The one except ion was fo r  percent du f f  
reduct ion between subunits in  the shelterwood. Since the va r ia t ion
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between blocks is  so much less than the v a r ia t io n  w i th in  blocks, 
the s i tu a t io n  is such th a t  useful  p red ic t ive  equations across area 
boundaries w i th in  th i s  fo re s t  type appear possible.
In a d d i t io n ,  the lack o f  co r re la t io n  between lower du f f  mois­
ture  content and percent d u f f  reduct ion tends to v e r i f y  Shearer's 
(1975) re s u l t s .  With lower d u f f  moisture contents greater  than 
approximately 110%, d u f f  reduct ion does not change appreciably with  
increasing wetness. Therefore, w ith  a mean lower du f f  moisture 
content o f  approximately 100% or g reater ,  broadcast burning fo r  
s i te  preparat ion probably should not be attempted in th is  fo res t  
type. Duff reduct ion guidel ines are not ava i lab le  fo r  th is  end 
o f  the d u f f  moisture grad ien t ,  and accurate, consistent predic­
t ions cannot be guaranteed. Consequently, i f  any moisture meas­
urement is  outside o f  p resc r ip t ion  l im i t s  a t the scheduled time 
o f  broadcast burning, considerat ion should be given to postponing 
or  cancel l ing  the burn.
Several o ther  var iab les also behaved in  an expected pattern. 
Although no va r iab le  showed a strong co r re la t io n  to e i th e r  min­
eral  so i l  exposure or  d u f f  reduct ion, the var iables which appeared
2most f requen t ly  in the combinations re su l t in g  in the highest R 
values, were some o f  the same ones which appeared in regression 
equations in previous stud ies. For example, the preburn weight 
o f  the woody shrubs, the 1-3 inch diameter dead fue l weights, and
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the moisture content o f  the herbaceous vegetation a l l  surfaced in 
the equations o f  th i s  study, as wel l  as in those o f  previous 
studies (Norum 1975, Steele 1975). This would lend fu r th e r  cree- 
dence to t h e i r  usefulness as variables in  du f f  reduction analyses.
The hypothesis tha t  the high moisture content o f  both the 
woody fue ls  and d u f f  had a masking inf luence over the expected 
re la t io n sh ip s ,  has p a r t i c u la r  s ign i f icance  when weather patterns 
fo r  the area are examined. Although August, 1975 was the coldest 
and one o f  the wet test on record, th i s  combination o f  a wet and 
cold August has occurred in th i s  area seven times in the past 29 
years. A s i tu a t io n  which occurs at leas t  once every four years 
cannot t r u t h f u l l y  be ca l led  a unique or rare occurrence. There­
fo re ,  i f  ea r ly  September burning is planned fo r  th i s  area, the 
p o s s ib i l i t y  o f  extremely wet d u f f  and fuel condit ions should be 
considered.
I t  appears as though the p lo t  s ize used in  th is  study (four  
fee t  square) was too smal l .  F i r s t ,  i t  was small enough to pos­
s ib l y  be heavi ly  inf luenced by how the area immediately bordering 
i t  burned, a h igh ly  complex and d i f f i c u l t  re la t ionsh ip  to quant i fy .  
Second, the down, dead fue l weight sampling in  the la rge r  diameter 
size classes was probably inaccurate. This was a re s u l t  o f  the 
designed system's high s e n s i t i v i t y  to s l i g h t  changes in  pos i t ion  
o f  the sampling planes or the wood pieces themselves. This ,  coupled 
with  the concentrat ion o f  sampling planes f o r  the la rger  fue ls  in such
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a small area, probably led to the high va r ia t io n  and r e la t i v e l y  large 
standard errors  associated with  the la rge r  pieces. This would i n d i ­
cate tha t  th is  system o f  fuel weight sampling is  possibly not accurate 
enough f o r  est imating actual fuel loadings over an area, at least as 
fa r  as the larger  diameter size classes are concerned.
A c tu a l ly ,  there was probably too much natural  va r ia t ion  across 
each cu t t ing  u n i t  f o r  the type o f  analysis employed. While th is  study 
attempted to quan t i fy  re la t ionsh ips  w i th in  burned areas using actual 
v a r ia t io n ,  previous studies o f  th i s  type used average values. Each 
burned block was considered as a s ing le  p lo t  with  each var iable  as­
signed an average value based on a sampling design w i th in  that block. 
This in e f fe c t  normal izes the d i s t r i b u t i o n ,  and in r e a l i t y  covers up 
the actual w i th in  v a r ia t io n .  The real quest ion, however, is whether
the equations re s u l t in g  from such a procedure do in fa c t  have real pre­
d ic t i v e  value. I f  so, then the use o f  normalized data is e n t i r e l y  ac­
ceptable, and product ive. However, the high natural  va r ia t ion  associa­
ted with  these types o f  var iab les should always be kept in mind; and 
the fa c t  tha t  p red ic t ion  equations are only va l id  w i th in  the range o f
the measured parameters should be remembered and adhered to.
F in a l l y ,  the fa c t  remains tha t  prescribed burning fo r  du f f  reduc­
t ion  is  a v iab le  method o f  s i t e  preparat ion. However, the be t te r  we 
understand the in te rac t ions  between the d u f f ,  the woody fu e ls ,  and 
moisture content,  the c loser  we can come to accurate ly  quant i fy ing  
them, and thereby more accurate ly  p red ic t ing  d u f f  reduct ion.
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APPENDIX A
Computation o f  Fuel Weights
Estimates o f  weight f o r  downed woody material  were computed using 
the planar in te rse c t  technique (Brown 1971, 1974). I t  involves count­
ing in te rsec t ions  o f  woody pieces w ith  v e r t i c l e  sampling planes o f a 
preselected length. Pieces smal ler than three inches in diameter are 
placed in  one o f  three size classes: (1) 0 to 0.25, (2) 0.25 to 1.0,
and (3) 1 to 3 inches. Pieces 3 inches in diameter and larger  are 
recorded by t h e i r  actual diameter. Volume is  then estimated and con­
verted to weight by applying a correc t ion  fa c to r  f o r  spec i f ic  g rav i ty .
Calculat ions
1. Compute the average slope correc t ion fa c to r  (C) using the
fo l low ing  formula; __________________
, /
C = /  u f percent slopc^
\ 100 ^
2. Total  the number o f  in te rcepts  (n) f o r  each p lo t  in each o f 
the diameter size classes.
3. Determine the appropriate squared average diameters (d^) fo r  
each size class. Based on species composition the fo l low ing  were used:
Diameter size class ( inches)___________ Average d^
0-0.25 . 0122
.25-1 .278
1-3 2.83
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4. Determine s p e c i f i c  g ra v i t y  o f  the mater ia l .  For th is  study, 
the fo l low ing  values were selected:
Diameter size class ( inches)_______ Spec if ic  g rav i ty
0-0.25 .56
0.25-1 .56
1-3 .48
3+ .44
5. Determine the nonhorizontal  angle correc t ion factors  (a) .
Based again on species composit ion, the fo l low ing  values were used:
Diameter size class ( inches)___________ Average (a)
0-02.5 1.15
0.25-1 1.13
1-3 1.10
3+ 1.00
6 . Calcu late the to ta l  length o f  sampling l in e  (Nl)  fo r  each size 
c lass, where Nl = number o f  sample points m u l t ip l ie d  by the length of 
the sampling plane ( fe e t ) .  For t h i s  study, the fo l low ing  calcu la t ions 
are appropr ia te:
Diameter size class ( inches)_____________ N]_____
0-0.25 1 X 4 = 4
0.25-1 1 X 4 = 4
1-3 2 X 4 = 8
3+ 8 X 4 = 32
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7. For mater ia l  3 inches and la rg e r ,  square the diameter o f  each 
intersected piece and sum the squared values (Ed^) fo r  a l l  pieces in 
each p lo t .  Compute separately f o r  sound and ro tten categories.
8 . To compute tons/acre apply the appropriate formula l i s te d  
be low:
(A) 0- to 3- inch = )x (n ) x ( d2)x(s)x(a)x(c)
Nl
(B) 3+-inch = (11 .64)x(Ed^)x(s)x(a)x(c)
Nl
Note: To convert to Kg/m^ d iv ide tons/acre by 4.46.
This procedure w i l l  fu rn ish  estimated weights f o r  the downed 
woody material  f o r  each diameter size class on each p lo t .  The ari thme­
t i c  mean o f  a l l  the p lo ts  w i th in  a block w i l l  then give an estimate 
fo r  the block as a whole.
APPENDIX B
Computation o f  Woody Shrub Weights
Estimates o f to ta l  above ground weight o f the woody shrubs were 
computed using re la t ionsh ips  developed by Brown (1976). These re la ­
t ionships were developed from l in e a r  regressions fo r  to ta l  above 
ground weight on basal stem diameter in  the fo l low ing  three size 
classes: (1) 0 to 0.5 cm; (2) 0.5 to 2.0 cm; and (3) 2.0 to 5,0 cm.
Calculat ions
The formula used was:
Y = g ( a + b . l n ( x ) i^ Y " ' ^ )
where :
Y = weight in grams
X = average diameter in cm 
a = constant 
b = constant
Table 15 l i s t s  the shrubs i d e n t i f i e d  and t a l l i e d  on the study 
area, as wel l  as values f o r  a, b, sample variance, and average diam­
e te r  by size class f o r  each.
The to ta l  woody shrub weight on each p lo t  can then be calculated 
by m u l t ip ly in g  the weight (Y) by the number o f  stems t a l l i e d  (n) f o r  
each p lo t ,  and then summing the product nY f o r  a l l  species present.
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Table 15. Regression components f o r  est imating to ta l  above ground 
weights o f  18 woody shrubs, from Brown (1976).
Average Dia­
meter (cm.)
Speci es a b varianceO -.5 .5-2 2-5
Rosa spp. 3.628 2.779 0.082 . 20 .58
Amelanchier a l n i f o l i a  Nutt . 3.607 2.887 0.098 .22 .82 2.39
Symphoricarpos albus (L . )  Blake 3.490 2.285 0.165 . 11 .60 -
Spiraea b e t u l i f o l i a  Pa l l . 3.604 2.604 0.180 . 14 - -
Acer qlabrum Torr. 3.634 2.752 0.053 .,24 .85 2.42
Berberis repens L ind l . 2.976 2.092 0.130 . 34 - -
Vaccinium spp. 3.250 2.649 0.128 . 12 .69 -
Prunus v i rq in iana  L. 3.399 2.920 0.074 . 25 .82 2.18
Alnus sinuata (Regel) Rydb. 3.523 2.466 0.110 ,24 . 86 2.52
Cornus s to lo n i fe ra  Michx. 3.681 2.575 0.071 . 25 . 88 2.26
Rubus p a rv i f lo ru s  Nutt . 3.469 2.538 0.069 .,32 .60
Pachistima myrs in i tes  (Pursh) Raf. 
Physocarpus malvaceus (Greene)
3.565 2.667 0.166 ,.20 .62
Kuntze 3.730 2.576 0.140 ,20 ./b -
Sorbus scopul ina Greene 3.273 2.881 0.070 ,32 .92 2.41
Lonicera utahensis Wats. 3.768 2.957 0.086 ,.18 .73 -
Holodiscus d isco lo r  (Pursh) Maxim. 3.769 3.033 0.070 .19 .82
Menziesia fe rruginea Smith 3.073 3.150 0.057 .19 .83 -
Ribes spp. 3.892 3.122 0.101 .24 .63 -
APPENDIX C 
S t a t i s t i c s  f o r  a l l  Measured Parameters 
Compiled by Subunit and by Cutt ing Treatment
Loca­
t ion Parameter Mean
Var i ­
ance
Standard
Devia­
t ion
Standard 
Error of 
Mean
13-1 slope fa c to r  1 5.5 1 . 2 1 . 1 .2
aspect 073.8° 
preburn mineral  so i l
78.7 8.9 1.3
exposure 1.0% 1 2 . 8 3.6 .5
mineral so i l  exposed 15.1% 362.3 19.0 2.8
preburn fue l depth 23.3 cm 169.7 13.0 1.9
fue l depth reduct ion 18.5 cm 144.3 1 2 . 0 1 . 8
preburn d u f f  depth 7.2 cm 13.0 3.6 .5
du f f  reduct ion 1.5 cm 1 . 2 1 . 1 .2
weight o f  woody shrubs .030 kg/m^ .0006 .024 .004
percent d u f f  reduct ion 
0-h inch preburn fuel
25.4% 380.8 19.5 2.9
weight 
%-l inch preburn fuel
.483 kg/m? .0673 .259 .039
weight 
1-3 inch preburn fue l
1.789 kg/m^ 3.092 1.758 .262
weight 
3+ sound preburn fuel
1.948 kg/m2 2.453 1.567 .233
weight 
3+ ro t ten  preburn fuel
1.286 kg/m^ 12.529 3.540 .528
weight 
to ta l  preburn dead
2.561 kg/m^ 23.478 4.845 .722
fue l  weight 
0 -% inch fuel weight
8.067 kg/m^ 46.042 6.785 1. 012
consumed 
H- 1  inch fue l  weight
.477 kg/m^ .068 .261 .039
consumed 
1-3 inch fue l weight
1.669 kg/m? 3.179 1.783 .266
consumed 
3+ inch fue l weight
1.116 kg/m? 2.594 1.611 .240
consumed 
to ta l  dead fue l weight
2.145 kg/m? 35.947 5.996 .894
consumed 
0-k  inch fuel moisture
5.407 kg/m? 39.931 6.319 .942
content 
k-1  inch fue l moisture
16.6% 8.0 2.8 .4
content 15.8% 34.4 5.9 .9
^To compute percent slope, m u l t ip l y  slope fa c to r  by ten,
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APPENDIX C (Continued)
Standard Standard
Loca- Var i-  Devia- Error of
t ion________ Parameter Mean .____ ance_______ Uon Mean
13-1 upper d u f f  moisture
(con- content 108.8% 1962.5 44.3 6 . 6
t ' d )  lower d u f f  moisture 
content 
herbaceous vegetat ion 
moisture content 
to ta l  fuel  weight 
to ta l  fue l  weight 
reduced
13-2 slope fac to r^  
aspect
preburn mineral  so i l  
exposure 
mineral so i l  exposed 
preburn fue l depth 
fuel depth reduct ion 
preburn d u f f  depth 
du f f  reduct ion 
weight o f  woody shrubs 
percent d u f f  reduct io  
G-% inch preburn fue l 
weight 
V I  inch preburn fuel 
weight
1-3 inch preburn fuel 
weight 
3+ sound preburn fuel 
weight '
3+ ro t ten  preburn fuel 
weight 
to ta l  preburn dead 
fuel weight
0-k  inch fue l weight 
consumed
V I  inch fue l  weight 
consumed
1-3 inch fue l weight 
consumed
^ Ib id .
143.6% 706.6 26.6 4.0
235.5%
8.095 kg/m^
1762.1
45.986
42.0
6.781
6.3
1 . 010
5.437 kg/m2 39.929 6.320 .942
4.9
072.8°
2.3
23.9
1.5
4.9
.2
.7
1.8%
20.8%
33.5 cm 
27.1 cm 
7.5 cm 
1 . 8  cm 
.025 kg/mf 
1 29.0%
50.4
287.4
756.7
676.1
16.1
1.5
. 001
404.3
7.1
17.0 
27.5
26.0 
4.0
1.2  
.033
2 0 . 1
1 . 0  
2.5 
4.1 
3.8 
. 6 
. 2
.005
3.0
.545 kg/m^ .080 .282 .042
1.558 kg/mZ .691 .831 .123
2.578 kg/m? 3.221 1.795 .265
2.204 kg/mf 24.665 4.966 .732
1
10.358 kg/m^ 551.588 23.486 3.463
17.244 kg/m2 647.022 25.437 3.750
.542 kg/m^ .080 .283 .042
1.479 kg/m2 .708 .841 .124
1.945 kg/m^ 3.897 1.974 .291
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APPENDIX C (Continued)
Loca­
t ion Parameter Mean
Vari - 
ance
Standard
Devia­
t ion
Standard 
Error of 
Mean
13-2
(con-
3+ inch fue l weight 
consumed 10.197 kg/m2 523.190 22.873 3.372
t ' d ) to ta l  dead fuel weight 
consumed 14.163 kg/m2 570.582 23.887 3.522
0 -% inch fuel moisture 
content 13.2% 4.0 2.0 .3
%-l inch fue l moisture 
content 14.2% 10.5 3.2 .5
upper d u f f  moisture 
content 86.6% 1338.2 36.6 5.4
lower d u f f  moisture 
content 149.3% 2605.6 51.0 7.5
herbaceous vegetation 
moisture content i246.5% 3249.6 57.0 8.4
to ta l  fue l  weight 17.269 kg/mf 646.956 25.4 3.750
to ta l  fue l  weight 
reduced 14.188 kg/m2 570.543 23.9 3.522
23-1 slope fac to r^ 5.7 .4 . 6 .1
aspect 081.6° 19.0 4.4 . 6
preburn mineral  so i l  
exposure .3% 2.9 1.7 .3
mineral so i l  exposed 21.5% 472.6 21.7 3.2
preburn fue l depth 22.9 cm 266.4 16.3 2.4
fue l  depth reduct ion 18.6 cm 225.2 15.0 2.2
preburn d u f f  depth 9 . 0  cm 21.9 4.7 .7
d u f f  reduct ion 2 . 0  cm 2 . 0 1.4 .2
weight o f  woody shrubs .034 kg/m2 .004 .061 .009
percent d u f f  reduct ion 
0 -% inch preburn fue l 
wei ght
28.5% 533.2 23.1 3.4
.566 kg/m2 .103 .321 .047
%-l inch preburn fuel 
weight 1.713 kg/m2 1.764 1.328 .196
1-3 inch preburn fue l 
weight 2.162 kg/m2 4.147 2.036 .300
3+ sound preburn fuel 
weight .749 kg/m2 6.515 2.552 .376
3+ ro t ten  preburn fuel 
weight 12.162 kg/m? 374.859 19.361 2.855
Ib id .
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APPENDIX C (Continued)
Loca­
t ion Parameter Mean
Var i ­
ance
Standard
Devia­
t ion
Standard 
Error of 
Mean
23-1
(con-
to ta l  preburn dead 
fuel weight 17.353 kg/m2 407.341 20.182 2.976
t ' d ) 0 -% inch fue l  weight 
consumed .547 kg/m^ .103 .322 .047
k - l  inch fue l weight 
consumed 1.512 kg/m? 1.900 1.378 .203
1-3 inch fuel weight 
consumed 1.467 kg/m^ 4.041 2 . 0 1 0 .296
3+ inch fue l weight 
consumed 8.395 kg/m^ 252.232 15.882 2.342
t o ta l  dead fue l weight 
consumed 11.920 kg/m2 278.862 16.699 2.462
0-k  inch fue l moisture 
content 14.4% 9.5 3.1 .5
h - l  inch fue l moisture 
content 13.6% 9.8 3.1 .5
upper d u f f  moisture 
content 54.3% 642.2 25.3 3.7
lower d u f f  moisture 
content 187.7% 1812.2 42.6 6.3
herbaceous vegetat ion 
moisture content 272.7% 7961.2 89.2 13.2
to ta l  fue l  weight 17.387 kg/m? 407.488 20.186 2.970
to ta l  fue l  weight 
reduced 11.955 kg/m2 279.099 16.706 2.463
23-2 slope fa c to r ! 5.8 .5 .7 .1
aspect 073.3° 71.4 8.4 1.3
preburn mineral so i l  
exposure .4% 2.9 1.7 .3
mineral so i l  exposed 18.8% 300.0 17.3 2 . 6
preburn fuel depth 30.9 cm 623.5 25.0 3 .8
fuel  depth reduct ion 21.9 cm 689.1 26.3 4.0
preburn d u f f  depth 8.7 cm 19.0 4.4
1.4
. 7
d u f f  reduct ion 1.7 cm 1.9 . 2
weight o f  woody shrubs .028 kg/mZ .005 .069 . 010
percent d u f f  reduct ion 24.1% 444.8 2 1 . 1 3.2
0-k  inch preburn fue l 
weight .639 kg/mZ .145 .381 .057
■Ibid.
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Standard Standard
Loca- Var i-  Devia- Error of
t ion  Parameter Mean ance t ion  Mean
23-2 %-l inch preburn fue l 
(con- weight 
t ' d )  1-3 inch preburn fuel 
weight 
3+ sound preburn fuel 
weight 
3+ ro t ten  preburn fuel 
weight 
to ta l  preburn dead 
fuel weight
0-k  inch fue l weight 
consumed
k - l  inch fuel weight 
consumed
1-3 inch fuel weight 
consumed
3+ inch fuel weight 
consumed 
to ta l  dead fuel weight 
consumed 
G-% inch fue l moisture 
content 
V I  inch fue l moisture 
content 
upper d u f f  moisture 
content 
lower d u f f  moisture 
content 
herbaceous vegetat ion 
moisture content 
t o ta l  fue l  weight 
to ta l  fue l  weight 
reduced
2 1 - 1  slope fac to r^  
aspect
preburn mineral so i l  
exposure 
mineral so i l  exposed 
preburn fuel depth 
fuel depth reduct ion
i l b i d .
1 . 670 kg/m^ 1 .802 1.342 •202
1 . 721 kg/m^ 2 . 799 1.673 •252
9. 333 kg/m^ 1272. 453 35.671 5. 378
13. 089 kg/m^ 701. 667 26.489 3. 993
26. 452 kg/m^ 2023. 841 44.987 6 . 782
• 598 kg/m^ • 151 .388 •059
1 . 357 kg/m^ 1 . 929 1.389 209
1 . 013 kg/m^ 2 . 021 1.422 •214
14. 711 kg/m^ 1457. 777 38.181 5. 756
17. 679 kg/m? 1565. 090 37.561 5. 964
13.,5% 3.,1 1 . 8 3
14.,3% 7.,0 2.6 ,4
93. 6% 1229,.4 35.1 5. 3
140. 3% 3060.,5 55.3 8 ,3
217,.9% 1668.,5 40.8 6 ,.2
26..480 kg/m^ 2026 .249 45.014 6 .,786
17.,707 kg/m2 1566 .600 39.580 5,.967
4 .7 2 .1 1.4 .2
084 . 6 ° 169 . 6 13.0 2 .1
.3% 1 .1 1 . 0 .2
7.1% 139 . 0 1 1 . 8 1 .9
25 .1 cm 376 . 1 19.4 3 .1
8 .7 cm 229 .4 15.1 2 .4
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APPENDIX C (Continued)
Loca­
t ion Parameter Mean
•Vari­
ance
Standard
Devia­
t ion
Standard 
Error of 
Mean
21-1 preburn d u f f  depth 8 . 2  cm 7.4 2.7 .4
(con- du f f  reduct ion .4 cm .4 . 6 .1
t ' d ) weight o f  woody shrubs . 021  kg/m^ .0005 .021 .003
percent d u f f  reduct ion 
0-k  inch preburn fuel
5.1% 73.9 8.6 1.4
weight 
V I  inch preburn fuel
.558 kg/mZ .076 .275 .044
weight 
1-3 inch preburn fuel
1.491 kg/m^ 1.138 1.067 .167
weight 
3+ sound preburn fuel
1.610 kg/m^ 1.872 1.368 .216
weight 
3+ ro t ten  preburn fuel
2.528 kg/m2 34.326 5.859 .926
weight 
to ta l  preburn dead
4.365 kg/m^ 112.845 10.623 1.680
fuel weight 
0 -% inch fuel weight
10.552 kg/m2 143.191 11.966 1.892
consumed 
V I  inch fuel weight
.429 kg/mZ .093 .304 .048
consumed 
1-3 inch fue l weight
.916 kg/m^ 1.333 1.155 .183
consumed 
3+ inch fue l weight
.165 kg/m^ .949 .974 .154
consumed 
to ta l  dead fue l weight
3.958 kg/m^ 87.323 9.345 1.478
consumed 
0-k inch fuel moisture
5.468 kg/m^ 89.994 9.487 1.500
content 
V I  inch fue l moisture
17.0% 9.3 3.0 .5
content 
upper d u f f  moisture
18.2% 22.8 4.8 . 8
content 
lower d u f f  moisture
47.7% 63.1 7.9 1.3
content 
herbaceous vegetat ion
152.6% 1181.1 34.4 5.4
moisture content 193.0% 1015.8 31.9 5 .0
t o ta l  fuel  weight 
to ta l  fue l  weight
10.573 kg/m2 143.189 11.966 1.892
reduced 5.488 kg/m- 90.044 9.489 1.500
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Standard Standard
Loca­ Var i ­ Devia­ Error of
t io n  Parameter Mean ance t ion Mean
2 1 - 2  slope fa c to r ! 5.8 1 . 0 1 . 0 .2
aspect 070.5° 167.2 12.9 2.2
preburn mineral  so i l
exposure 3.1% 95.7 9.8 1.7
mineral so i l  exposed 12.6% 320.4 17.9 3.1
preburn fue l depth 34.0 cm 712.0 26.7 4.6
fue l depth reduct ion 19.5 cm 512.0 22.6 3.9
preburn d u f f  depth 7.3 cm 28.0 5.3 .9
d u f f  reduct ion 1 . 2  cm 3.1 1 . 8 .3
weight o f  woody shrubs . 010  kg/m^ . 0002 .015 .003
percent d u f f  reduct ion 17.5% 672.7 25.9 4.4
0 -% inch preburn fuel
weight .567 kg/m^ .067 .259 .044
%-l inch preburn fuel
weight 1.432 kg/mZ 1.118 1.057 .181
1-3 inch preburn fue l
weight 2.155 kg/m2 4.650 2.156 .370
3+ sound preburn fuel
weight 2.706 kg/m^ 12.942 3.598 .617
3+ ro t ten  preburn fuel
weight 7.654 kg/m^ 216.172 14.703 2.522
to ta l  preburn dead
2.790fuel  weight 14.516 kg/mZ 264.597 16.266
0 -% inch fue l weight
consumed .483 kg/mZ .077 .277 .048
%-l inch fue l weight
1.024 .176consumed 1.007 kg/mZ 1.049
1-3 inch fue l weight
1.674 .287consumed .745 kg/mZ 2.803
3+ inch fue l weight
11.447 1.963consumed 6.250 kg/mZ 131.042
to ta l  dead fue l weight
146.737 12.114 2.077consumed 8.485 kg/mZ
0-k inch fuel moisture
3.1content 17.5% 9.8 . 5
k - l  inch fuel moisture
7.0 1. 2content 23.6% 48.8
upper d u f f  moisture
25.7 4.4content 114.4% 662.2
i l b i d .
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Loca­
t ion Parameter Mean
Var i ­
ance
Standard
Devia­
t ion
Standard 
Error of 
Mean
21-2
(con-
lower d u f f  moisture 
content 142.6% 1678.4 41.0 7.0
t ' d ) herbaceous vegetat ion 
moisture content :257.0% 5181.4 72.0 12.3
t o ta l  fue l  weight 14.526 kg/m2 264.519 16.264 2.789
to ta l  fue l  weight 
reduced 8.495 kg/m2 146.665 12 . 110 2.077
clear-
outs slope fa c to r ! 5. 5 1. 2 1. 1 .1
aspect 075 .4° 60.3 7.8 . 6
preburn mineral so i l  
exposure .9% 17.5 4.2 .3
mineral s o i l  exposed 19.1% 356.5 18.9 1.4
preburn fuel depth 27.7 cm 467.8 2 1 . 6 1 . 6
fuel  depth reduct ion 21.5 cm 437.8 20.9 1. 6
preburn d u f f  depth 8 . 1  cm 17.8 4.2 .3
d u f f  reduct ion 1 . 8  cm 1.7 . 1.3 .1
weight o f  woody shrubs .030 kg/m2 .002 .050 .004
percent d u f f  reduct ion 26.8% 437.9 20.9 1. 6
0-k  inch preburn fuel 
weight .558 kg/m2 . 100 .316 .024
k - l  inch preburn fuel 
weight 1.682 kg/m? 1.807 1.344 . 100
1-3 inch preburn fuel 
weight 2.107 kg/mZ 3.211 1.792 .133
3+ sound preburn fuel 
weight 3.339 kg/m? 326.714 18.075 1.344
3+ ro t ten  preburn fuel 
weight 9.542 kg/m2 422.153 20.546 1.527
to ta l  preburn dead 
fuel weight 17.229 kg/m2 800.098 28.286 2 . 1 0 2
0-k  inch fue l weight 
consumed .541 kg/m? . 100 .317 .024
k - l  inch fuel weight 
consumed 1.505 kg/m? 1.902 1.379 .103
1-3 inch fue l weight 
consumed 1.391 kg/mf 3.235 1.799 .134
3+ inch fuel weight 
consumed 8.834 kg/m? 571.042 23.896 1.776
^ Ib id .
68
APPENDIX C (Continued)
Loca­
t ion Parameter Mean
Vari - 
ance
Standard
Devia­
t ion
Standard 
Error of 
Mean
clear-
cuts to ta l  dead fuel weight
(con- consumed 12.271 kg/m^ 615.878 24.817 1.845
t ' d ) 0 - ^  inch fuel moisture
content 14.4% 7.9 2 . 8 .2
%-l inch fuel moisture
content 14.5% 15.8 4.0 .3
upper d u f f  moisture
content 85.6% 1669.9 40.9 3.0
lower d u f f  moisture
content 155.4% 2374.2 48.7 3.6
herbaceous vegetat ion
moisture content 243.5% 4028.4 63.5 4.7
to ta l  fue l  weight 17.258 kg/m^ 800.671 28.296 2.103
to ta l  fuel  weight
reduced 12.300 kg/m^ 616.277 24.825 1.845
she l te r -
wood slope fac to r^  
aspect
preburn mineral so i l  
exposure 
mineral so i l  exposed 
preburn fue l depth 
fue l depth reduct ion 
preburn d u f f  depth 
d u f f  reduct ion 
weight o f  woody shrubs 
percent d u f f  reduct ioi  
0~k inch preburn fuel 
weight 
%-l inch preburn fue l 
weight 
1-3 inch preburn fuel 
weight 
3+ sound preburn fuel 
weight 
3+ ro t ten  preburn fuel 
weight 
t o ta l  preburn dead 
fue l weight
5.2 1.9 1.4 .2
078.1° 216.5 14.7 1.7
1.6% 45.9 6.8 . 8
^6% 226.7 15.1 1 . 8
29.2 cm 542.8 23.3 2.7
13.7 cm 383.4 19.6 2.3
7.8 cm 16.8 4.1 .5
.7 cm 1 . 8 1.3 . 2
.016 kg/m? .0004 .019 .002
1 10.8% 382.1 19.5 2.3
.562 kg/m2 .071 ^66 .031
1.464 kg/m2 1.114 1.055 .123
1.861 kg/m2 3.177 1.782 .207
2.610 kg/mZ 24.197 4.919 ^72
1
5.876 kg/mZ 160.733 12.678 1.474
12.373 kg/mZ 200.067 14.145 1.644
I b id .
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Standard Standard
Loca­ Vari - Devia­ Error of
t ion Parameter Mean ance t ion Mean
she l te r -
wood 0-h inch fuel weight
(con consumed .454 kg/m^ .085 .292 .034
t ' d ) V I  inch fuel weight
consumed .958 kg/m2 1.189 1.090 .127
1-3 inch fue l weight
consumed . .431 kg/m2 1.859 1.363 .158
3+ inch fue l weight
consumed 5.011 kg/m? 107.213 10.354 1.204
to ta l  dead fuel weight
consumed 6.854 kg/mZ 116.704 10.803 1.256
0-k inch fue l moisture
content 17.3% 9.4 3.1 .4
V I  inch fuel moisture
content 20.7% 41.5 6.4 .7
upper du f f  moisture
4.4content 78.3% 1452.1 38.1
lower d u f f  moisture
content 148.0% 1414.6 317.6 4.4
herbaceous vegetation
moisture content 222.4% 3916.9 62.6 7.3
to ta l  fue l  weight 12.389 kg/m^ 200.010 14.142 1.644
to ta l  fue l  weight
10.802 1.256reduced 6.870 kg/m? 116.682
APPENDIX D 
SKEWNESS AND KURTOSIS
Skewness
Measures o f  skewness are r e la t i v e  measures; they are not expressed 
in terms o f  any units  o f  measurement. They are simply numbers which 
express the degree to which the shape o f  the d is t r ib u t io n  departs from 
symmetry, and the d i re c t io n  o f the skewness (Richmond 1964). I f  the 
skewness is p o s i t i v e ,  or to the r i g h t ,  the sign o f  the measure w i l l  be 
p o s i t iv e ,  and vice versa.
One method o f  computing skewness is based on the t h i r d  moment 
about the a r i thm e t ic  mean, and can be calcula ted from the fol lowing 
equat ion: 3
where:
= skewness 
X = deviat ions from the mean 
n = sample size 
s = standard devia t ion
Kurtosis
Kurtosis (peakedness) re fe rs  to the shape of the curve, and des­
cr ibes the degree to which the curve tends to be pointed or peaked.
The value w i l l  be p o s i t i ve  i f  the curve is peaked and negative when i t  
is  f l a t .  The measure is  a r e la t i v e  one, with the value given describ­
ing the shape o f  the curve f o r  a given amount o f  va r ia t io n .
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Kurtosis can be ca lcu la ted from the four th  moment about the a r i t h ­
metic mean using the fo l low ing  equat ion:
Ex'*
"4 - TiÿT
where:
a^ = peakedness 
X = deviat ions from the mean 
n =: sample size 
s = standard dev ia t ion
The value f o r  a^ fo r  a theo re t ica l  normal curve is 3, leading to 
the fo l low ing  common measure o f  peakedness:
Peakedness = a^ - 3 
Therefore, a standard mesokurtic curve would have an a^ = 3, and a 
peakedness value o f  zero.
APPENDIX E
P rec ip i ta t ion  and Temperature Summary fo r  the Month of 
August from the Hungry Horse Weather Stat ion (1947-1975)1
Year
Mean
Temp.
(°F)
Total
Precip.
( inches) Year
Mean
Temp.
(°F)
Total
Precip.
(inches)
1947 62.6 3.78 1962 63.3 2.04
1948 61.4 1.24 1963 65.8 .87
1949 63.4 .79 1964 59.1 2.31
1950 62.0 1.43 1965 64.2 4.31
1951 60.7 2.97 1966 63.2 2.13
1952 63.0 .94 1967 70.5 . 11
1953 62.9 1.52 1968 61.0 3.71
1954 60.9 5.21 1969 64.9 .14
1955 65. 6 . 0 0 1970 64.9 .58
1955 63.6 3.31 1971 69.1 1.60
1957 62.9 .98 1972 6 6 .3 2.29
1958 70.5 .73 1973 64.9 .14
1959 62.1 2 . 1 1 1974 64.9 .58
1960 61.1 3.74 1975 58.8 4.07
1961 69.5 1.53
Average 29 years 64.1 1.62
iCompi1ed from U.S. Dept. Commerce Cl i matic Summary o f  the
Uni ted States, Supplement f o r  1947 through 1975.
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